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ABSTRACT 

INVESTIGATION  OF  DIGITAL  SIMULATION  OF  AIRCRAFT  SYSTEMS 

Feasibility  and  methods  of  digitally  simulating  fenerali?ed  aircraft 
systems  were  studied. 

The  following  aircraft  systems  were  considered:  (1)  winf;  flaps,  (2)  high 
pressure  pneumatic,  (3)  hydraulic,  (1;)  engine  control,  (5)  fuel,  (6)  land¬ 
ing  gear,  and  (7)  electrical.  To  develop  generalized  systems,  FiiH'-l, 

/ii)-l,  AiiD-2,  FJ-2,  P6M,  F9F,  F3H-2N,  and  F-102A  aircraft  were  studied. 

Logical  flow  charts  accompanied  by  the  mathematical  relations  necessary 
to  simulate  digitally  the  indicated  aircraft  systems  were  prepared.  It 
has  been  established  that  simulation  of  these  aircraft  systems  can  be 
greatly  facilitated  by  the  use  of  certain  special  devices.  For  a 
particular  aircraft  to  be  simulated,  the  appropriate  inputs  and  the  general 
simulation  program  could  be  combined  by  an  assembly  program  to  produce 
an  optimized  object  program.  Analysis  of  the  fuel  and  electrical  systems 
showed  that  simulation  and  generalization  of  these  systems  can  best  be 
accomplished  by  the  development  of  an  assembly  program.  A  computer  word 
(or  words)  having  digits  corresponding  to  the  inputs  and  outputs  of  a 
system  could  be  used  to  control  most  of  the  simulation  logic.  Incorpora¬ 
tion  of  these  special  devices  could  significantly  reduce  equipment 
requirements  and  aid  systems  simulation. 
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FOREWORD 

With  the  advent  of  digital  flight  trainers  such  as  UDOFTT  (Universe! 
Digital  Operational  Flight  Trainer),  it  became  apparent  that  efficient 
programming  techniques  had  to  be  developed  to  minimize  cost  and  increase 
flexibility.  One  of  the  advantages  of  these  trainers  is  their  flexibility 
which  make  interchanging  of  an  aircraft  or  one  of  the  systems  of  an  aircraft 
undergoing  simulation  fairly  simple.  In  this  respect,  the  ease  and  speed 
of  program  alteration  becomes  important.  The  purpose  of  this  project  vjas 
to  develop  techniques  that  will  aid  in  eliminating  the  necessity  of  writ¬ 
ing  a  program  for  each  aircraft,  and  instead  Use  one  standard  program 
and  change  the  parameters  "describing  the  system  characteristics  whenever 
a  substitute  is  to  be  made. 


This  project  investigated  the  feasibility  and  techniques  of  digitally 
simulating  the  following  aircraft  systems: 


1.  Engine  control 

2.  Landing  gear 

3.  Wing-flaps 

i|.  High-pressure  pneumatic 
3.  Hydraulic 
6.  Fuel 

^7.  Electrical 


The  equations  describing  these  systems  vrere  derived  in  a  generalized  manner 
aoplicable  to  the  simulation  of  many  aircraft  types. 


The  results  of  the  project  tends  to  prove  the  feasibility  of  this 
approach.  The  result  of  the  program  is  a  set  of  lof  ical  flow  charts 
accompanied  by  mathematical  relations  necessary  for  the  dif  ital  simulation 
of  malfunctions  and  the  possibility  of  using  automatic  programming  techniques. 


ALFRED  REDIRAUCH 
Project  Engineer 


Head,  Computer  Branch 
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SECTION  II.  INTRODUCTION 


Under  Contract  N  61339-772  issued  by  the  U.S.  Naval  Training!:  Device 
Center,  Gocxfyear  Aircraft  Corporation  (GAC)  has  completed  an  investi¬ 
gation  of  the  digital  simulation  of  generalized  aircraft  systems. 

The  final  product  of  this  program  is  a  set  of  logical  flow  charts 
accompanied  by  the  mathematical  relations  necessary  for  digital 
simulation  of  the  following  aircraft  systems: 

iir  flaps 

2.  High-pressure  pneumatic 

3.  Hydraulic 

h .  Engine  control 

5.  Fuel 

6 .  Landing  gear 

7 .  Electrical 

The  mathematical  relations  are  appropriately  presented  in  either 
equation  or  statement  form.  For  both  forms,  GAC  has  attempted  to 
maintain  a  generality  of  application  tomary  aircraft.  To  facilitate 
digital  programming  and  eqxiipment  design,  these  relations  as  well 
as  the  associated  logic  have  been  reduced  to  concise  forms. 

To  avoid  repetition  and  redundancy,  the  illustration  of  programming 
and  simulation  aids  such  as  control  words,  steady  rate,  indexing, 
looping,  etc.,  is  given  in  considerable  detail  only  in  the  first  few 
systems  presented.  The  repetitious  detail  is  gradually  decreased 
thereafter.  It  is  believed  that  an  average  programmer  could  project 
these  methods  into  the  systems  in  which  they  are  only  indicated.  In 
fact,  these  methods  are  merely  suggested  and  are  not  intended  as  an 
imposition.  They  may  be  modified  according  to  the  option  of  the 
individual  programmer. 

The  general  methods  of  approach  used  in  the  study  are  presented  in 
the  Phase  1  report*  and  will  not  be  reproduced  here.  In  this  report 
primary  consideration  is  given  to  presentation  of  the  end  product  of 
the  study. 

To  demonstrate  the  simulation  of  different  operational  modes  of  the 
AJiD  and  FUH  systems,  dotted  and  dashed  lines  are  inserted  in  the 
basic  flow  charts  to  indicate  the  logic  of  these  modes  of  operation. 
Preparation  of  input  data  for  simulation  of  the  Aid)  and  Fl^H  is 
illustrated  in  Appendices  A  and  B. 


*  GER-9729:  Investigation  of  Digital  Simulation  of  Aircraft  Systems, 
Phase  1,  Technical  fteport  No.  1.  Akron,  Ohio,  Goodyear  Aircraft 
Corporation,  19  April  I960. 
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SECTION  III.  RESULTS >  CONCLUSIONS  AND  RECCMMENDATI0N5 

This  study  has  established  the  feasibility  for  and  methods  of  digitally 
simulating  the  generalized  aircraft  systems  listed  above.  It  has  also 
been  established  that  simulation  of  certain  systems  can  be  greatly 
facilitated  by  the  use  of  some  special  devices. 

One  such  device  is  an  assembly  program.  It  could  be  used  to  optimize 
the  general  program  for  a  pazi^icular  simulation.  It  could  even  be 
used  to  set  up  the  logic  arxl  actually  develop  the  digital  program  to 
simulate  a  particular  aircraft.  It  is  evident  frcm  the  material  pre¬ 
sented  in  the  appendices  that  a  considerable  amount  of  effort  mould 
be  necessary  to  prepare  some  of  the  generalized  systems  simulations 
for  a  particular  aircraft.  For  example,  the  fuel  flystem  simulation 
would  require  the  expenditure  of  considerable  effort.  The  methods 
used  in  data  preparation  and  the  establishment  of  exact  logic  are 
quite  lengthy  because  of  the  inherent  nature  of  the  system.  To 
preserve  generality  and  to  avoid  repetitious  manual  assembly,  it  is 
recommended  that  consideration  be  given  to  an  assembly  program.  In 
this  manner,  complete  optimization  of  the  general  sinulatlan  for  a 
given  aircraft  can  be  performed  autcmatically  Tof  a  computer. 

Another  device  is  the  control  word.  This  is  simply  a  computer  word 
(or  words)  having  digits  corresponding  to  the  inputs  and  outputs  of 
a  system.  This  facilitates  the  perfomance  of  the  logic  of  a  simu¬ 
lation  since  the  computer  need  not  perform  arithmetic  operations  to 
perform  the  basic  branching  involved.  Also,  such  a  control  word  can 
be  used  to  establish,  automatically,  a  priority  for  simulating  arty 
given  system. 

Since  the  aircraft  and  their  associated  systems  are  quite  different, 
the  degree  of  generalization  among  the  systems  simulations  va^ea. 

In  any  case,  the  simulations  are  general  enough  to  cover  several 
aircraft,  including  the  AhD  and  FhH, 

With  the  advent  of  more  complex  aircraft  and  corresponding  training 
devices,  future  application  of  generalized  systems  simulations 
implemented  by  the  above  special  devices  appears  to  bo  a  very  worth¬ 
while  consideration. 

This  study  has  indicated  that  a  digital  computer  with  a  capability 
of  high-speed  branching  is  needed.  A  feature  enabling  a  decision  to 
be  made  by  testing  a  particular  digit  of  a  given  ccsQxiter  word  would 
allow  the  use  of  control  words. 
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In  addition  to  the  principal  requirement  of  high-speed  logic,  a  time 
reference  is  also  needed.  This,  of  course,  could  be  a  nonreal-time 
reference  if  the  computer,  simulation,  or  other  conditions  so  dictated. 

The  estimated  memory  capacity  of  the  computer  includes  all  storage 
used,  whether  for  data,  program,  control  words,  address  modification, 
etc.  The  required  memory  capacity  for  simulating  the  seven  aircraft 
systems  would  be  approximately  10,000  computer-word  storage  locations. 
This  storage  requirement  was  determined  on  the  basis  of  the  infor¬ 
mation  presented  below. 

This  number,  a  maximum,  is  based  on  the  condition  that  the  generalized 
aircraft  systems  be  programmed  for  simulation  as  presented  in  this 
report.  The  basic  concept  is  that  only  one  general  simulation  program, 
althoiigh  it  may  be  large  and  complicated,  need  be  written  to  simulate 
several  aircraft.  This  concept  will  greatly  facilitate  changing  from 
one  aircraft  simulation  to  another,  since  the  same  program  would  be 
used  in  either  case.  Only  the  input  data  and  the  electrical  connection 
to  the  trainer  cockpit  need  be  changed  when  aircraft  are  changed. 

This  technique  is  in  direct  contrast  to  the  present  analog  systems 
in  which  the  entire  training  device  must  be  manufactured  when  it  is 
desired  to  simulate  a  new  aircraft.  Over  a  period  of  time,  the  cost 
of  manufacturing  new  analog  trainers  will  rise,  while  the  cost  of 
digitally  simulating  general  aircraft  systems  will  be  reduced  to 
the  simple  maintenance  and  operating  costs  of  one  digital  computer. 
Also,  the  time  to  load  new  data  into  a  digital  computer  and  make 
general  electrical  connections  is  negligible  compared  to  the  time 
required  to  design,  develop,  and  manufacture  an  analog  device  that 
will  Tiltimately  perform  the  same  simulation. 

Since  most  aircraft  simulations  will  not  require  all  parts  of  the 
generalized  digital  simulation  program,  it  would  seem  informative 
to  compare  the  computer  storage  requirements  for  simulating  a 
particular  aircraft  with  the  general  storage  requirements  previously 
mentioned.  For  example,  two  cases  for  the  Al;D  will  be  considered: 

(1)  it  is  estimated  that  6000  storage  locations  would  be  adequate 
to  simulate  the  systems  discussed  herein  for  the  Al)D,  if  the  general 
simulation  program  were  used,  assuming  that  the  entire  general  program 
is  available  to  the  simulation  within  the  computer  but  that  only  those 
parts  applicable  to  the  AUD  are  used;  and  (2)  if  the  general  program 
or  general  flow  charts  are  optimally  assembled  for  the  Altl)  so  that 
only  a  pacific  program  for  that  aircraft  is  available  to  the  simu¬ 
lation  within  the  computer,  then  3$00  storage  locations  should  be 
adequate  to  simulate  the  systems  discussed  herein. 
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The  basic  difference  between  the  two  cases  is  that  for  the  first 
case,  a  detailed  general  program  would  be  used  to  simulate  a  relatively 
sinqDle  aircraft;  in  the  second  case,  a  special  optimimi  program  con¬ 
taining  only  the  basic  necessities  for  simulating  a  particular 
aircraft  would  be  used. 

The  estimated  computer  speed  required  for  a  complete  simulation  cycle 
of  seven  aircraft  systems  is  based  on  the  total  number  of  operations 
possible  during  a  cycle.  The  types  of  operations  are  divided  into 
the  following  groups: 

Type  of  operation  Total  ntunber  of  operations  by  type 

Logic  13,000 

Addition  and  subtraction  7,^00 

Multiplication  and  1,000 

division 

Storing  i:,000 

Miscellaneous  500 

It  should  be  noted  that  an  average  operation  time  of  approximately 
2 /asec  is  necessary  for  a  50-millisecond  (msec)  cycle  time. 

The  total  number  of  operations  during  a  simulation  cycle  is  again 
based  on  a  program  that  would  result  from  programming  the  generalized 
flow  charts  and  equations  presented  in  this  report;  that  is,  the 
total  number  of  operations  per  cycle  for  simulating  the  seven  systems 
of  the  most  complicated  aircraft  that  can  be  simulated  with  such  a 
program. 

To  make  a  comparison  of  computer  speed  requirements,  the  two  methods 
for  simulating  the  AliD  defined  by  Cases  1  and  2  ,  abor-e,  will  be 
considered  again  on  the  basis  of  a  50-msec  cycle  time*  Average 
operation  times  of  10  usee  and  75  /isec  should  be  adequate  to  simulate 
the  AliD  for  Cases  1  and  2,  respectively.  It  should  be  noted  that 
reductions  in  computer  requirements  from  the  maximum  values  to  the 
Case  1  values  result  from  the  relative  simplicity  of  the  Aid). 

Reductions  in  computer  requirements  from  Case  1  values  to  Case  2 
are  due  to  the  implementation  of  an  assembly  program.  Thus,  it 
becomes  increasingly  evident  that  assembly  techniques  should  be 
investigated  further. 
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It  is  believed  that  by  implementing  the  assembly  program,  the  number 
of  operations  for  a  simulation  cycle  could  be  significantly  reduced. 
In  some  cases,  a  reduction  by  a  factor  of  10  might  be  expected  in 
going  from  a  Case  1-  to  Case  2-'type  simulation.  A  smaller  factor, 
perhaps  two,  would  apply  to  the  corresponding  reduction  of  storage. 

It  is  suggested  that  allowance  be  made  for  possible  future  expansion. 

It  should  bo  noted  that  the  above  estimates  are  quite  conservative 
and  that  only  average  progrannlng  is  assumed.  Moreover,  the  simu¬ 
lation  of  aircraft  S3rstems  as  presented  in  this  report  is  intended  to 
approach  more  closely  the  actual  systems  than  many  of  the  past 
simulation  methods. 

With  competent  programming  and  possible  reduction  of  the  present 
simulation  to  a  less  approximate  one,  considerable  reduction  of 
computer  requirements  could  be  experienced* 
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SECTION  IV.  DISCUSSION 


A.  Wing  Flaps  System, 

The  components  and  functions  of  a  general  wing  flaps  system  are; 

1.  Part  of  the  trailing  edge  of  the  aircraft  wing 
that  can  be  moved  to  modify  the  aerodynamics 
of  the  aircraft 

2.  The  necessary  mechanical  connection  to  the  wing 

3.  The  actuating  valves  and  cylinders  that  transfer 
hydratilic  or  pnematic  power  to  move  the  flaps 

li.  The  electrical  or  mechanical  pilot-operated 
controls 

$,  A  flap  position  indicator. 

More  specialized  systems  may  have  electric  motors  to  move  the 
flaps,  and  some  have  a  pressure  relief  or  blowback  feature  that 
prevents  flap  extension  at  certain  air  speeds;  in  other  systems, 
warning  devices  are  activated  by  the  improper  use  of  flaps.  All 
these  features  are  included  in  the  simulation. 

Slat  systems  (part  of  the  wing  leading  edge)  that  do  not  operate 
simultaneously  with  the  flaps  are  not  considered.  It  is  assumed 
that  only  ssmimetrical  flap  extensions  can  be  made  since  most 
flaps  are  mechanically  connected  for  a  given  aircraft.  In  the 
event  an  asymmetrical  extension  is  desired  in  the  simulation, 
slight  modifications  in  the  routine  will  allow  it  to  be  repeated 
once  for  each  individual  flap  with  the  appropriate  inputs. 

The  student  pilot  can  have  access  to  any  or  all  of  the  following 
controls  and  indicators,  depending  on  the  particular  aircraft 
being  considered; 

1.  Normal  flap  control,  including  *flaps  up,*  "flaps 
down,"  and  "flaps  stop  " 

2.  Emergency  flap  control 

3.  Flap  position  indicator 
li.  Flap  warning  device 

5.  Flap  warning  device  circuit  breaker 

6.  Flap  position  indicator  and  flap  control  circuit 
breaker 

The  insturctor  has  indicators  similar  to  the  pilot's,  plus  indi¬ 
cators  for  each  pilot's  and  instructor's  controls.  The  instructor 
can  insert  the  following  failures  in  the  system  during  a  simulation; 
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1.  A  complete  systam  freeze,  permitting  the  instructor 
to  fix  the  flap  position  permanently,  as  long  as 
the  freeze  switch  is  on 

2.  A  normal  fail,  which  will  fail  the  nomal  flaps 
system;  however,  any  available  emergency  system 
can  be  employed  for  flap  movement 

3.  A  circuit  breaker  fail,  which  turns  off  the  pilot's 
circuit  breaker 

h.  An  indicator  fail,  which  fails  the  flap  position 
indicator  only 

In  addition  to  simulating  the  basic  general  flaps  system,  incor¬ 
porating  the  above  features,  the  simulation  procedure  provides 
an  output  to  aerodynamics  and  establl^es  the  flap  requirements 
of  other  systems. 

The  basic  flow  chart  (see  Figure  1)  for  the  general  flap  system 
simulation  is  divided  into  1%  subroutines.  The  subroutines  are 
composed  of  the  branching,  computations,  etc.,  necessaiy  to  per¬ 
form  their  particular  phase  of  the  simulation.  A  detailed 
description  of  each  subroutine  is  given  in  Appendix  A.  A  normal 
’’flaps  \ip’*  situation  is  illustrated  in  the  basic  flow  chart  ly 
a  dotted  line  for  the  AUD,  while  a  normal  ’•flaps  down”  situation 
is  illustrated  by  a  dashed  line  for  the  FliH. 

B.  High-Pressure  Pneumatic  System. 

The  pneumatic  systems  considered  in  the  preparation  of  the 
generalized  simulation  range  in  complexity  from  simple  stored 
pressure  systems  to  completely  automatic  self -replenishing 
systems  with  compressor  units.  In  any  case,  the  principal 
functions  of  a  high-pressure  pneumatic  system  are  to  supply 
pressure  to  the  actuators  for  those  subsystems  that  reqiiire 
press\ire  and  to  provide  outputs  that  indicate  the  operational 
and  functional  status  of  the  main  system. 

The  basic  operations  involved  in  various  pneimiatic  systems  are 
discussed  briefly  below.  The  components  and  functions  common 
to  all  aircraft  with  high-pressiire  pneumatic  systems  are: 

1.  Ground  filter  and  pressure  gage  for  ground¬ 
charging  the  system 

2.  Lines  and  valves  to  transfer  air  pressure  to 
the  storage  tanks 
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3.  Pilot-controlled  electrical  or  mechanical  valves 

from  which  the  associated  actuators  receive  pressure 
from  the  storage  tanks 

Components  and  functions  not  common  to  all  aircraft  with  high- 
pressure  pneumatic  systems  are: 

1.  Compressor  -  Some  aircraft  are  equipped  with 
automatic  compressor  units  that  stabilize  storage- 
tank  pressure  during  flight.  Associated  with  the 
compressor  is  a  pressure  transmitter  that  transmits 
system  pressxire  to  a  cockpit  indicator;  a  pressure 
switch  that  controls  hydraulic  or  electric  power 
to  the  compressor;  a  relief  valve  that  prevents 
overpressurizing;  a  check  valve  to  prevent  pressure 
loss  through  the  compressor  during  ground  charging; 
a  dehydrating  unit;  an  engine  bleed  air  filter;  and 
electrical  power  to  operate  the  pressure  switch, 
transmitter,  and  indicator. 

2.  Priority  valves  -  Particular  aircraft  with  no 
ccmpressor  units  distribute  pressure,  through 
priority  valves,  to  selected  actuators  when  insuf¬ 
ficient  pressure  is  available  to  meet  all  actuator 
requirements . 

3.  Low-pressure  switch  and  associated  warning  lights. 

U.  Pressure  regulators  and  reducers  -  Pressure  regulators 
and  reducers  are  used  with  acutators  that  require 
regulated  or  reduced  pressure. 

5.  Application  counters  and  indicators  -  Application 
counters  and  indicators  are  used  to  determine  the 
number  of  times  a  particular  actuator  may  be  powered. 

6.  Circuit  breakers  -  Electrical  power  to  the  ccm¬ 
pressor,  indicators,  and  lights  is  controlled  by 
circuit  breakers. 

Actuators  or  subsystems  powered  by  the  generalized  high-pressure 
pneumatic  system  are: 

1.  Bnergency  flaperette 

2.  Emergency  wheel  brake  (right) 

3.  Binergency  wheel  brake  (left) 

h.  Energency  hydraulic  pump 

Binergency  landing  gear 

6.  Emergency  flap  extension 
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7.  Bnergency  slat  extension 

8.  Bnergency  spoiler  holddown 

9.  Emergency  canopy  aft 

10.  Einergency  canopy  forward 

11.  Normal  canopy 

12.  Drag  chute  extension 

13 .  Rudder  feel 
lli.  Gun  charge 

15 •  Gun  gas  doors 

16.  Mine  door  seal 

17.  Nose  gear  strut  extension 

The  emergency  applications  are  often  implemented  by  pressurizing 
hydraulic  accumulators  or  1:^  actuating  cylinders.  The  AiiD  and 
Fj-2  have  no  high-pressure  pneumatic  system. 

This  simulation  is  designed  to  perform  digitally  the  necessaiy 
calculations  that  describe  the  component  functions  discussed 
previously  in  this  section, with  the  following  exceptions: 

1.  Dehydrating  unit 

2 .  Filter 

3.  Pressure  regulators  and  reducers 

Subroutines  are  used  in  calculating  outputs  to  subsystems,  since 
in  most  cases  the  same  basic  equations  can  be  used  to  describe 
compressed  air  movement  from  a  particular  storage  tank  to  the 
associated  actuator.  In  all  but  two  or  three  special  cases  these 
’’outputs  to  subsystem  calculations”  are  combined  into  one  general 
subroutine,  which  is  computed  once,  with  appropriate  inputs,  for 
each  subsystem.  Indexing  is  used  to  determine  storage  locations 
for  the  outputs  and  to  proceed  from  one  subsystem  to  the  next. 

In  all  the  aircraft  considered  in  this  study,  the  pilot  has  little 
direct  control  of  the  pneumatic  system.  His  only  direct  controls 
are  circuit  breakers.  He  may  have  pressure  gages,  low-pressure 
warning  lights,  or  application  counter  gages  that  indicate  the 
system  status. 

The  instructor  has  indicators  similar  to  those  for  the  pilot, 
with  additional  ones  that  show  him  what  has  been  done  to  modify 
the  simulation.  He  has  the  following  switches: 
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1.  Ground  charge  switch  -  This  switch  allows  a  ground 
charge  to  be  simulated  at  the  instructor's  option. 

It  initially  sots  the  ^stem  pressure,  indicators, 
and  storage  tanks  (bottles)  to  the  normal  operating 

level. 

2.  Indicator  fail  switch  -  This  switch  allows  the  in¬ 
structor  to  fail  the  indicator  only. 

3.  •Leak*  switch  -  This  switch  permits  the  instructor 
to  fail  the  main  system  pressure,  but  not  individual 
bottle  presstare,  by  inserting  a  leak.  The  magnitude 
of  the  leak  or  pressure  decrement  can  be  made  pro¬ 
portional  to  the  time  the  switch  is  on. 

li.  Circuit  breaker  fail  -  This  switch  fails  the  pilot's 
circuit  breaker  that  controls  electrical  power  to 
the  air  compressor.  The  pilot  may  reset  the  circuit 
breaker  after  the  instructor's  switch  is  turned  off. 

The  basic  flow  chart  for  the  general  pneumatic  system  simulation 
is  divided  into  12  subroutines,  as  illustrated  in  Figure  2,  A 
detailed  description  of  these  subroutines  is  given  in  Appendix  6. 

The  normal  simulation  of  the  FliH  is  indicated  in  Figure  2  by  a 
dashed  line. 

C.  Iftrdraulic  System. 

The  principal  functions  of  a  hydraulic  system  are  to  supply  hydraulic 
pressxjure  to  the  proper  actuators  and  to  provide  outputs  to  indi¬ 
cators  that  show  the  system  status.  The  hydraulic  ^ terns  of  the 
aircraft  studied  vary  in  complexity  from  a  simple  single  system 
to  as  many  as  four  complex  systems  with  an  additional  emergency 
systflBi.  All  the  systems  studied  were  closed  typos.  The  components 
and  functions  common  to  all  aircraft  considered  are: 

1.  Resoi^oirs  are  used  as  hydraulic  fluid  storage  -units 
to  collect  fluid  from  the  return  lines. 

2.  The  p-uii5)S  that  pressurize  the  hydraulic  system  are 
engine-driven,  variable-volume-delivery  types.  The 
volume  output  is  a  function  of  system  pressure  and 
engine  rpm. 

3.  Check  valves  and  relief  valves  are  used  to  control 
the  direction  of  fluid  flow  and  to  control  maximum 
system  pressure. 

U.  Accumulators  are  used  between  pumps  and  actuators 

to  store  hydraulic  pressure.  The  accumulators  dampen 
pressure  surges  and  provide  pressure  to  actuators 
when  subsystem  requirements  are  greater  than  punp  output. 


-12- 


TFCFNICAL  RIPORT:  ‘lAVmADFVCEH  772  CER-10017 


Figure  2  -  Basic  Diagran  of  General  Pneumatic  Sjrstem  Simulation 


TECHNICAL  REPORT:  NAVTRADE7CEN  772 


GER-10017 


5.  Pressure  transmitters  located  in  the  main  pressure 
supply  lines  transmit  system  pressure  to  the 
pilot’s  indicators. 

6.  Filters  remove  foreign  matter  from  the  hydraulic 
fluid. 

7.  Heat  exchangers  transfer  heat  from  the  hydraulic 
fluid  to  engine  fuel. 

8.  Subsystem-actuating  cylinders  apply  hydraulic 
power  to  the  respective  sub83r8tems. 

9.  Control  valves  associated  with  actuators  control 
pressure  application  to  the  actuators. 

10.  Hydraulic  fluid  moves  between  the  various  com¬ 
ponents  through  interconnecting  lines. 

The  components  and  functions  not  caiunon  to  all  aircraft  are: 

1.  Fluid  shutoff  valves  allow  the  pilot  to  stop 
fluid  flow  between  reservoirs  and  pumps  for 
controlling  a  fire. 

2.  Replenishing  systems  are  used  to  replace  lost 
fluid.  These  systems  consist  of  a  fluid 
storage  tank,  lines,  connectors,  and  a  manual 
pump. 

3.  A  pressure  indicating  system  indicates  pressure 
for  each  hydraulic  pump. 

U.  A  low-pressure  warning  system  is  provided  for 
each  hydraulic  system. 

5.  Selector  switches  allow  the  status  (usually 
pressure)  of  each  hydraulic  system  to  be  read 
on  a  single  indicator. 

6.  Multiple  actuators  provide  positive  control  of 
main  control  surfaces.  That  is,  more  than  one 
hydraulic  system  is  used  to  power  these  Important 
control  surfaces. 

7.  Emergency  pump  operation  is  sometimes  auto¬ 
matically  controlled  by  pressure  switches; 
otherwise,  it  is  controlled  manually. 

8.  Both  manual  and  automatic  priority  valves  are 
used  to  distribute  available  pressure  to 
selected  actuators. 

9.  Accumulator  pressure  gages  indicate  the  amount 
of  stored  pressure  in  each  accumulator. 

10.  Assorted  subsystems  that  require  hydraulic  and 
electrical  power  are  provided  to  operate  the 
various  hyxlraulic  systems. 
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11.  Circuit  breakers  are  sometimes  used  in  the  main 
electric  circuits  of  the  Jqrdraulic  system. 

12.  Pressure  regulators  and  reducers  control  the 
amount  of  pressrire  to  particular  actuators. 

13.  Fluid  quantity  gages  provide  fluid  quantity 
indications . 

The  principal  subsystems  that  require  hydraulic  pressure  for 
operation  are; 


1.  Wing  flaps 

2.  All 

control  surfaces 

a. 

Ailerons 

b. 

Rudders 

c. 

Elevators 

d. 

Spoilers 

e. 

Elevons 

f. 

Stabilizer 

g* 

Stabilator,  etc. 

3 .  Mine  door 
1*.  Hydroflaps 
%)eed  brakes 

6.  Landing  gear 

7 .  Wheel  brakes 

8 .  Rudder  feel 
9c  Tail  skid 

10.  Air  compressor 

11.  Arresting  hook 

12 .  Wing  fold 

13 .  Wing  slats 

lli.  In-flight  refueling  probe 
15 .  Fuel  primps 

The  general  hydraulic  system  simulation  performs  all  the  calcu¬ 
lations  involved  in  describing  the  above  component  functions 
except  those  for  filters  and  the  heat  exchanger. 

The  similarities  between  the  general  pneumatic  and  hydraulic 
systems  permit  the  hydraulic  ^stem  to  be  simulated  by  extending 
the  methods  used  for  the  pneumatic  system  simulation.  The 
simulation  is  performed  as  a  subroutine  that  can  be  repeated 
once  for  each  hydraulic  system,  with  appropriate  inputs.  Within 
the  subroutine,  there  are  several  smaller  subroutines  or  loops. 
The  first  such  loop  is  concerned  with  pump  simulation  and  this 
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loop,  or  minor  subroutine,  is  used  once  for  each  pump  of  a 
particular  system.  The  second  loop,  within  the  first,  simulates 
the  accumulators  associated  with  a  particular  pump.  The  third 
loop,  within  the  second,  simulates  the  loads  corresponding  to  a 
particular  accumulator. 

The  instructor  will  have  indicators  similar  to  the  pilot’s, with 
additional  ones  to  show  idiat  operations  he  and  the  pilot  have 
made.  The  instructor  will  be  able  to  modify  the  simulation  by: 

1.  A  switch  to  fail  the  pump  pressure  indicator 

2.  A  switch  that  will  insert  a  volume  decrement 
or  leak  into  any  hydraulic  system. 

3.  A  switch  to  fail  each  system  pressure  indicator 

If.  Switches  to  fail  the  pilot's  circuit  breakers 

5.  Switches  to  fail  any  or  all  hydraulic  systems 

The  complete  simulation  flow  chart  (see  Figure  3)  for  the  general 
hydraulic  system  is  divided  into  18  subroutines,  some  of  which 
are  individually  subdivided  in  the  flow  chart  for  illustrative 
purposes.  In  such  cases  the  subdivisions  are  labeled  with  the 
subroutine  number  folowed  by  small  letter;  e.g. ,  III,  Ilia,  Illb, 
etc.  A  complete  description  of  each  subroutine  is  given  in 
Appendix  C.  Normal  hydraulic  system  simulation  for  the  AliD  is 
indicated  in  the  basic  flow  chart  by  a  dotted  line;  steac^-rate 
simulation  for  the  FUH  is  indicated  by  a  dashed  line. 

D.  Engine  Control  System . 

In  developing  the  method  of  simulation  discussed  herein,  emphasis 
was  placed  upon  flexibility  with  regard  to  simulating  the  various 
kinds  of  engine  control  systems,  as  well  as  to  the  type  of  mal¬ 
function  that  can  he  introduced  in  these  control  systems  by  the 
Instructor.  Unfortunately,  achieving  greater  system  flexibility 
also  introduces  greater  system  complexity.  However,  reasonably 
accurate  and  complete  routines  have  been  established  for  the 
foUwing  engine  systems  and  conditions; 

1.  Engine  clearing  procedures 

2.  Air  starts 

3.  Ground  starts 

ij .  Starter  system 

Ehfine  ignition  system 

6.  Conditions  for  engine  relight 
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7.  Computation  of  oil  system  pressure 

8.  Computation  of  externally  applied  rotor  torque 

9.  Conditions  for  fuel  to  be  supplied  to  enpine 
and  afterburner  fuel  pumps 

10.  Computation  of  fuel  pressure 

11.  Einergency  afterburner  modulation  system 

12.  Computation  of  engine  fuel  control  fuel  limits 

13.  Normal  or  emergency  fuel  control  operation 

ll*.  Computation  of  fuel  demand,  fuel  available,  and 
fuel  supplied  to  main  engine 

1^.  Speed  governor  operation 

16.  Conditions  for  compressor  stall  and  engine 
flame out 

17.  Computation  of  fuel  demand,  fuel  available,  and 
fuel  supplied  to  afterburner 

18.  Conditions  for  afterbuenre  light-off  and  blowout 

19.  Computation  of  jet  nozzle  area 

20.  Turbine  exhaust-gas-teraperature  control  system 

21.  Inlet  guide  vane  and  variable  stator  blade  control 
systems 

22.  Compressor  air-bleed  control 

The  overall  engine  systems  simulation  is  subdivided  into  the  13 
routines  depicted  in  Figure  1|.  It  is  essential  that  the  routines 
be  arranged  in  the  manner  indicated  since  infoimation  generated 
in  one  routine  must  be  established  before  the  subsequent  routines 
can  be  properly  completed. 

Basically,  these  13  routines  establish  all  the  independent  enpine 
parameters;  main  fuel  flow,  afterburner  fuel  flow,  nozzle  area, 
con^jressor  bleed  valves  opened  or  closed,  inlet  guide  vane  and 
stator  blade  position,  and  external  rotor  torque.  These  routines 
also  indicate  when  the  various  engine  operating  conditions  have 
been  satisfied;  compressor  stall,  main  engine  flameout  and 
relight,  and  afterburner  light-off  and  blowout.  Thus, the 
enpine  simulation  is  essentially  reduced  to  simulating  the  thermo¬ 
dynamic  relationships  between  the  dependent  engine  parameters; 
that  is,  temperatures,  pressures,  air  flow,  gross  thrust,  and  rpm. 
The  engine  systems  simulation  requires  only  the  following  dependent 
variable  ii^uts  from  the  engine  simulation:  compressor-inlet 
temperature,  compressor-inlet  total  pressure,  compressor-discharge 
total  pressure,  compressor-discharge  static  pressure,  ttirbine 
exhaust-gas  temperature,  and  engine  rpm. 


-18- 


Figure  3  -  Basic  Diagram  of  General  Hydraulic  System  Simulation 


TECHNICAL  REPORT:  NAVTRADEVCEN  772 


GER-10017 


2.  OIL  PRESSURE  ROUTINE 


INLET  GUIDE  VANE  AND 
ACCELERATION  AIR-BLEED 
ROUTINE 


EXTERNAL  ROTOR 
TORQUE  ROUTINE 


FUEL  AVAILABLE  TO 
ENGINE  AND  AFTER¬ 
BURNER  FUEL  PUMPST 
STORE 


AFTERBURNER  LIGHT-OFF 
AND  BLOWOUT  ROUTINE 


COMPUTE, STORE 
EFFECTIVE  FUEL 
PRESSURE 


AFTERBURNER  FUEL  FLOW 
ROUTINE 


EMERGENCY  AFTERBURNER 
MODULATION  SYSTEM  'ON*? 
STORE 


COMPRESSOR  STALL  AND 
FLAMEOUT  ROUTINE 


7.  FUEL  AVAILABLE  TO 

MAIN  ENGINE  FUEL 

8,  ENGINF;4fUEL  FLOW 

CONTROL  UNIT? 

STORE 

ROUTINE 

Figure  U  -  Basic  Diagram  of  Engine  Control  System  Simulation 
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The  engine  control  system  simulation  incorporates  considerable 
latitude  in  instructor  ii^uts  and  failures.  The  basic  flow  chart 
in  Figure  li  does  not  include  the  specific  inputs  because  the  list 
is  too  extensive.  The  following  list  of  inputs  details  the 
instructor's  inputs  to  the  simulation. 

1.  Ignition  system  failure 

2.  Oil  system  malfunction,  partial  pressure  loss 

3.  Oil  system  malfunction,  full  pressure  loss 

U.  Emergency  afterburner  system  failed  by 

instructor 

5.  Failure  of  afterburner  fuel  pump 

6.  Failure  of  engine  no.  1  fuel  pump 

7.  Failure  of  engine  no.  2  fuel  pump 

8.  Ehergency  fuel  control  system  failui  i 

9.  Speed  governor  failed 

10.  Malfunction  of  engine  control  unit 

11.  Broken  throttle  linkage 

12.  Failure  of  engine  fuel  pump 

13 .  Rich-lean  flameout 

111.  Afterburner  ignitor  failed  by  instructor 

19.  Acceleration  speed  switch  failed  1:^  instructor 

16.  Temperature  override  failed  by  instructor 

17.  Nozzle  actuators  failed  by  instructor 

The  engine  starting  routine  checks  that  the  engine  is  properly 
cleared  of  excess  fuel  before  it  can  be  started.  In  addition, 
the  start  routine  checks  all  necessary  starting  parameters  such 
as  electric  ignition  power  available,  proper  rotor  speed,  and 
starter  operating  properly.  The  oil  pressure  routine  includes, 
in  addition  to  the  normal  oil  pressure  computation,  provisions 
for  partial  or  full  pressure  loss  ly  the  instructor.  In  con¬ 
junction  with  oil  pressure  loss,  it  is  possible  for  the  instructor 
to  introduce  effects  of  a  binding  rotor.  The  simulation  proceeds 
to  establish  the  amount  of  rotor  torque  on  the  rotor.  Next  the 
conditions  of  fuel  availability  are  resolved  and  the  fuel  transfer 
functions  are  computed.  These  transfer  functions  describe  the 
pressure-delivery  rate  of  the  full  system  for  the  particular 
combination  of  pilot  instructor  inputs  existing  at  the  moment. 

The  total  fuel  demand  situation  (both  engines  and  afterburners) 
is  then  resolved  in  the  next  routines,  and  the  result  compared 
to  the  preceding  fuel-transfer  functions  to  determine  the  actual 
flow  rate  of  the  system.  When  the  conditions  do  not  conform  to 
the  proper  limits  for  the  engine,  the  logic  calls  for  a  compressor 
stall  or  flameout  as  determined  by  Routine  9» 
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Once  the  fuel  requirements  are  known,  the  question  of  the  after¬ 
burner  flow  is  adjusted  on  the  basis  of  the  remaining  f\iel  flow 
available.  Routine  11  can  then  determine  whether  the  afterburner 
is  capable  of  a  light-off  or  force  a  blowout.  Once  the  foregoing 
conditions  are  known,  the  nozzle  area  and  inlet  guide  vane  situ¬ 
ations  can  be  computed  in  Routines  12  and  13. 

E.  Aircraft  Fuel  Siystem;  General  Discussion  of  Fuel  Transfer  Confutations 

The  general  flow  chart  of  the  fuel  system  simulation  is  shown  in 
Figure  ?.  One  aspect  of  the  airplane  fuel  system  must  be  considered; 
it  will  be  handled  as  part  of  the  initial  logic.  The  airplane  fuel 
syutem  can  feed  the  engines  in  the  normal  manner  through  the  service 
tank  booster  pumps.  However,  there  are  usually  alternate  modes 
of  supplying  fuel,  usually  for  emergency  use  only.  For  example; 
the  output  manifolds  of  tank  1  in  Figure  ^  are  labeled  P  and  G 
for  •’pressure*  and  ••gravity  transfer,?  The  fuel  b3T>ass  feeds 
directly  from  tanks  7,  8,  9,  10,  and  11  to  the  engine  fuel  system. 

The  logic  necessary  to  establish  the  state  of  lines  B,  P,  and  G. 
is  not  difficult.  However,  complications  arise  when  the  negative 
g  feature  is  included.  Because  of  these  complications,  it  is 
desirable  to  consider  the  negative  g  feature  as  a  separate  tank 
with  a  special  subroutine  for  the  computations.  Since  the  negative 
g  feature  draws  its  fuel  from  the  tank  in  which  it  is  installed, 
the  program  will  be  arranged  to  consider  this  as  a  separate  tank. 

The  input  fuel  will  be  subtracted  from  the  patron  tank  volume 
when  g  becomes  positive. 

Blocks  A  and  6  are  initializing  logic  and  are  discussed  in 
Appendix  E,  item  B.  Combining  the  current  input  data  with  the 
initial  logic  will  produce  a  set  of  manifold  control  words  that 
guide  the  succeeding  computation  in  an  efficient  manner.  In 
addition  to  the  conditions  determined  by  the  initial  logic,  there 
are  certain  system  situations  that  require  consideration  before 
actual  computation  can  be  started.  These  considerations  ai^  the 
negative  g  situation,  mentioned  above,  the  fuel  vent  and  jettison 
subroutines,  and  the  refueling  operation.  Blocks  E,  F,  G,  H,  I, 

J,  and  K  are  provided  for  these  special  situations. 

After  these  situations  are  computed,  it  is  necessary  to  determine 
the  precise  amount  of  fuel  demand  on  the  system.  Blocks  L  and  M 
compute  the  present  fuel  demand  on  the  airplane  fuel  system.  The 
lift  between  tanks  must  be  computed  and  combined  with  incremental 
pressure  differences  to  adjust  the  line  transfer  functions  for 
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this  iteration.  Block  0  computes  the  required  lifts.  The  fuel 
transfer  functions  for  each  line  are  stored  in  memory  and  at  this 
point,  the  program  combines  the  transfer  functions  for  all  lines, 
adjusts  them  for  the  dynamic  situation  of  the  aircraft,  and  forms 
a  manifold  transfer  function.  This  function  is  used  to  determine 
the  manifold  output  pressure  and  fuel  rate;  Once  these  factors 
are  established,  the  program  returns  to  the  line  transfer  function 
and  determines  the  amounts  of  flow  that  each  line  is  contributing. 
This  is  done  for  all  combinations  of  cases  where  the  receiving 
tank  may  be  full,  empty,  partly  full,  increasing  in  volume,  or 
decreasing  in  voliame.  This  process  is  repeated  for  all  manifolds 
and  hence  the  rates  for  all  active  lines  are  determined.  It  is 
then  possible  to  sum  input  and  output  rates  for  each  tank  and 
determine  the  new  tank  volumes  for  this  iteration.  It  should  be 
noted  that  through  the  use  of  the  manifold  control  word,  only 
active  lines  were  computed,  thereby  saving  much  useless  computing 
time.  Once  the  new  tank  volumes  are  known,  the  system  is 
sufficiently  determined  to  read  out  new  data  to  the  pilot's 
instruments  and  the  other  sections  of  the  computer  that  require 
the  information. 

The  difficulty  in  manipulating  involved  equations,  when  adjusting 
to  changing  dynamic  situations,  has  been  circumvented  by  the 
transfer  function  method  suggested  in  this  approach.  There  is 
also  the  additional  advantage  of  being  able  to  simulate  a  large 
variety  of  transfer  functions  with  the  same  approach. 

The  instructor's  inputs  to  the  program,  included  as  shown  in 
Figvire  will  generally  be  reflected  as  changes  in  the  input 
switching  data.  However,  additional  input  latitude  is  available 
by  operating  on  the  fuel  program  readouts.  By  blocking  a  readout, 
instrument  failures  can  be  simulated.  The  specific  instructor 
input  failures  must  be  specified  for  each  individual  aircraft. 

A  possible  list  of  fuel  system  failures  suitable  to  the  F[jH 
aircraft  might  be  as  follows: 

1.  Left-wing  tank  transfer  valve  failTire 

2.  Right-wing  tank  transfer  valve  failure 

3.  Center  external  tank  transfer  valve  failure 

h.  Right-wing  external  tank  transfer  valve  failure 
Left-wing  external  tank  transfer  valve  failure 

6.  Failure  of  fuselage  tank  air  pressure  regulator 

7.  Failure  of  wing  tank  air  pressure  regulator 

8.  Failure  of  engine  boost  pimps,  right  pimp 

9.  Failure  of  engine  boost  pumps,  left  pump  high¬ 
speed  mode 

10.  Open  leak  lines  at  various  manifolds 
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In  addition  to  these  direct  failures,  there  are  many  side  effects 
from  failures  in  other  systems.  For  example,  hydraulic  power 
failure  will  stop  hydraulic  fuel  pumps. 

The  aircraft  fuel  system  is  conceraed  with  the  storage  of  fuel 

and  its  transfer  to  the  engine  fuel  system;  as  the  fuel  complement 

changes  during  flight,  the  aircraft  changes  its  flying  characteristics. 

Rotational  inertia,  center  of  gravity,  and  other  factors  depend 

to  a  large  extent  on  the  status  of  the  fuel  system.  The  pilot 

has  various  indicators  that  read  out  the  status  of  the  fuel 

system  during  flight. 

The  aircraft  fuel  simulation  will  furnish  realistic  output  data 
in  compliance  with  input  pilot  (and  instructor)  decisions.  The 
fuel  simulation  is  set  up  by  the  programmer  with  the  aid  of  a 
detailed  assembly  program.  When  the  fuel  system  is  computed, 
the  state  of  the  entire  system  is  known.  The  basic  approach  to 
computation  is  as  follows: 

1.  The  state  of  the  system  is  determined  by  the 
initializing  logic  ard  remains  constant  for 
the  rest  of  the  computation. 

2.  Once  the  state  of  the  system  is  fixed,  the 
program  establishes  a  system  of  control  words, 
which  allow  the  computer  to  bypass  inactive 
segments  of  the  simulation  as  it  proceeds 
with  the  computations. 

3.  The  ability  of  the  active  portion  of  the  system 
to  transfer  fuel  is  then  determined.  This 
process  uses  a  system  of  fuel  transfer  functions 
for  transmission  of  fuel  between  the  various 
system  components. 

li.  After  the  system's  ability  to  transfer  fuel  is 
known,  the  demand  of  all  consuming  devices  is 
computed.  The  effect  of  this  demand  on  the 
fuel  system  is  then  determined. 

5.  Final  system  status  is  computed  and  volumes, 
rates,  and  pressures  are  read  out  to  the  proper 
destinations . 
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Pilot  switching  inputs  considered  by  the  simulation  are  as  follows: 

1.  Fuel  transfer 

2.  Tank  selector 

3 .  Fuel  dump 

U.  Emergency  Jettison 
5>.  Cross-feed 

6.  Engine  prime 

7.  Bypass 

Instructor  inputs  to  the  simulation  are: 

1.  Leaks 

2 .  Component  failures 

a.  Transfer  pun^i  failure 

b.  Booster  p\jmp  failure 

c.  Hydraulic  power  not  available 

In  addition  to  the  normal  effects  of  pilot  switching  decisions, 
the  simulation  considers  the  following  special  effects: 

1.  Negative  g  attitude 

2 .  Fuel  vent 

3.  Tank  Jettison 

U«  Eraergenqr  stores  Jettison 
5.  Refueling  operation 

Aircraft  system  failures  also  affect  the  fuel  simulation.  Some 
of  the  more  important  of  these  are: 

1,  Valve  power  not  available 

2,  Ram  air  insufficient  for  tank  pressurization 

3,  Compressor  bleed  air  not  available 
li.  Hydraulic  power  not  available 

The  general  flow  chart  of  the  fuel  system  is  shown  in  Figure 
A  detailed  explanation  of  the  general  flow  chart  is  given  in 
Appendix  E.  The  dotted  lines  show  the  computational  flow  path 
for  the  Aid)  aircraft;  the  dashed  lines  show  the  flow  path  for 
the  FliH  aircraft. 
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F.  Landing  Gear  System. 

The  function  of  thte  landing— gear  system  is  to  retract  »nd  extend  an 
aircraft's  landing  gear.  There  is  also  an  emergency  method  for 
extending  the  landing  gear. 

The  layiding  gear  consists  of  the  wheels,  stmts,  and  other 
supporting  members  between  the  wheels  ai^  fuselage.  Associated 
with  the  landing-gear  system  are  fuselage  doors  and  internal 
mechanisms  that  can  be  operated  as  a  function  of  the  electrical, 
hydraulic,  or  pneumatic  systems,  or  can  be  mechanically  actuated 
by  hand. 

The  following  characteristics  were  found  to  be  common  to  all 
landing-gear  systems  studied,  and  are  therefore  assumed  to  be 
applicable  in  the  generalized  simulation  of  a  landing-gear 
system. 

1.  There  are  three  landing  gear;  the  nose  gear, 
left  main  gear,  and  right  main  gear. 

2.  The  landing  gear  can  be  extended  normally. 

3.  The  landing  gear  can  be  retracted  normally. 

Ii.  The  landing  gear  can  be  extended  by  the 

emergency  system. 

$.  The  hydraulic  system  is  used  for  all  landing- 
gear  retractions. 

6.  A  ground  safety  switch  prevents  accidental 
retraction  of  the  landing  gear  while  the 
aircraft  is  on  the  ground. 

7.  An  indicator  associated  with  each  gear  indicates 
that  the  gear  is  "up  and  locked,"  "down  and  locked," 
or  "vinsafe"  (in  transit). 

8.  A  warning  light  comes  on  if  all  gear  are  not  "up 
and  locked"  or  all  gear  are  not  "down  and  locked". 

9.  The  indicators  and  warning  light  are  powered  by 
the  electrical  system. 

10.  An  electrical  system  failure  will  cause  the 
indicators  to  show  an  "unsafe"  condition. 

11.  An  air-speed  limit  is  imposed  on  all  emergency 
extensions . 

12.  The 'normal  hydraulic  system  is  used  for  normal 
extension  of  the  landing  gear. 
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The  landing-gear  systems  of  some  aircraft  had  additional  features 
that  were  not  common  to  all  landing-gear  systems.  These  additional 
features  will  be  included  in  the  complete  general  simulation; 
those  parts  of  the  complete  simulation  that  would  not  be  required 
for  the  simulation  of  a  particular  aircraft  would  be  eliminated 
from  its  program.  These  additional  features  included  the  following. 

1.  The  electrical  system  is  required  for  normal 
landing  gear  operation. 

2.  Bnergency  retraction  in  the  air  is  possible. 

3.  Emergency  retraction  on  the  ground  is  possible. 

U.  A  teat  of  the  emergency  extension  system  can 

be  made  while  the  aircraft  is  airborne. 

5.  There  may  be  a  circuit  breaker  in  the  landing- 
gear  electrical  system  that  can  be  reset  during 
flight. 

6.  The  warning  lamp  may  come  on  if  the  control 
lever  is  not  at  the  same  position  as  the  landing 
gear,  or  if  the  throttle  and  attitude  are  in  a 
landing  configuration  and  the  gear  is  not  lowered. 

7.  The  warning  light  may  flash  if  the  flap  positions 
are  not  consistent  with  the  landing-gear  position. 

The  physical  components  of  the  aircraft  landing-gear  system  to  be 
simulated  are  the  landing  gear  themselves  and  the  pilot's  controls 
for  operating  the  system.  In  addition,  the  simulation  must  pro¬ 
vide  for  a  variety  of  instructor-inserted  failures.  Internal  items 
such  as  valves,  relays,  latches,  and  reservoirs  will  not  be  simu¬ 
lated  in  detail. 

The  landing-gear  system  simulation  will  use  various  inputs  from 
the  other  systems  such  as  air  speed,  altitude,  and  attitude,  as 
well  as  electrical,  hydraulic,  and  pneumatic  power.  Outputs  from 
the  landing-gear  system  will  be  provided  to  the  power  systems  in 
the  foim  of  loads  Imposed  by  landing-gear  operation.  The  effect 
of  landing-gear  drag  will  be  fed,  as  an  output,  to  the  aerodynamic 
system  of  equations. 

The  following  controls  or  inputs  are  generally  available  to  the 
pilot  to  effect  a  normal  or  emergency  extension  or  retraction  of 
the  landing  gear. 
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1.  The  normal  control  le\’-er  can  be  moved  up  or 
down. 

2.  The  ground  safety  switch  can  be  released. 

3.  There  may  be  a  circuit  breaker  that  can  be 
reset  or  opened. 

1;.  There  is  an  emergency  extension  control  or 
procedure,  or  both. 

?.  There  may  be  an  emergency  retraction  control 
or  procedure,  or  both. 

Ary  of  the  following  may  serve  as  outputs  from  the  landing-gear 
system  to  the  pilot. 

1.  The  normal  control  lever  can  be  locked. 

2.  The  circuit  breaker  can  be  open. 

3.  The  landing-gear  warning  lamp  can  light. 

U.  The  landing-gear  indicators  can  show  any  of 
three  landing-gear  positions. 

$.  The  landing  gear  can  extend,  as  shown  by  the 
indicators . 

6.  The  landing  gear  can  retract,  as  shown  by  the 
indicators , 

7.  The  landing  gear  can  fail  to  operate, 

8.  The  landing  gear  can  be  destroyed. 

9.  The  crash  system  can  be  energized. 

The  instructor-induced  failures  in  the  landing-gear  system  are  of 
two  types.  First,  the  instructor  can  fail  the  normal  system, 
resulting  in  all  gear  being  locked  up  or  down.  In  this  case, 
when  the  pilot  follows  the  emergency-down  or  emergency-up  pro¬ 
cedures,  the  emergency  system  will  respond  to  call  for  Mctension 
or  retraction  of  the  gear. 

Second,  the  instructor  can  completely  fail  each  separate  gear, 
or  gear  combination,  in  its  last  locked  position.  In  this  case, 
a  failure,  after  insertion  by  the  instructor,  must  be  removed 
by  him  before  the  pilot’s  remedial  action  will  have  any  effect. 
When  such  a  failure  has  been  inserted  and  removed,  an  emergency- 
up  or  -down  coranand  by  the  pilot  will  then  activate  the  formerly 
failed  gear. 

It  is  also  possible  for  the  instructor  to  fail  each  indicator 
associated  with  a  gear,  causing  it  to  remain  in  the  position  It 
was  when  the  failure  was  inserted.  He  may  also  open  the  circuit 
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br«alcar  in  tha  landing-gear  ays  tan,  causing  a  failure  similar  to 
a  noraal  system  failure,  except  that  it  may  be  possible  for  the 
student  pilot  to  close  the  circuit  breaker,  thereby  retaixiing 
normal  operation  of  the  landing-gear  system*  Othezvise,  emergency 
procedures  would  be  necessary* 

The  results  of  instructor-induced  failures  taka  precedence  over 
the  normal  operating  conditions  in  the  simulation* 

Ihe  instructor  has  indicators  similar  to  the  pilot's  plus  indicators 
for  each  of  the  pilot's  and  instructor's  controls* 

The  basic  flow  chart  for  the  generalized  landing-gear  system  is 
shown  in  Figure  6*  A  more  detailed  discussion  of  the  flow  chart 
is  given  in  Appendix  F*  For  a  particular  aircraft,  certain  blocks, 
controls,  connections,  etc.,  may  be  omitted.  The  dotted  line 
describes  an  emergency  down  condition  for  the  A4D>  the  dashed  line 
describes  a  normal  up  condition  for  the  Fi4H* 

G*  Electrical  System  Simulation  . 

Because  of  the  wide  differences  in  electrical  power  distribution 
among  the  various  aircraft,  it  was  decided  initially  to  use  some 
method  of  selection  that  would  decide  on  a  certain  type  of  elec¬ 
trical  system  to  be  considered  for  simulation*  The  most  logical 
choice  in  this  regard  is  a  routine  that  determines  the  type  of 
generator  system  and  selects  that  system  for  simulation* 

Generally,  simulation  consists  of  the  action  a  pilot  must  take 
as  a  result  of  an  instructor- inserted  failiu'e*  The  instznictor  may 
fail  any  generator  or  inverter*  The  pilot  notes  these  failures 
through  A  warning  light  and  takes  action  that  will  usually  result 
in  the  use  of  emergency  power* 

It  should  be  noted  that  there  is  a  certain  amount  of  overlap 
among  the  various  systems,  which  could  possibly  be  Integrated, 
but  this  is  not  necessary  because  of  the  system  selection  at  the 
beginniiig  of  the  simulation*  As  a  result,  flow  charting  is 
somewhat  simplified*  In  pilot  action,  such  as  positioning  a 
switch,  the  end  result  nay  be  the  sane  but  the  procedure  could 
be  slightly  different  for  a  given  system*  The  input  can  be 
modified  to  accoiqpllsh  the  desired  result* 
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Not  every  procedure  in  the  simulation  will  be  pertinent  to  each 
aircraft  to  be  simulated.  These  procedures  or  branches  would  be 
bfypassed. 

Most  of  the  computations  involved  are  normal  and  emergency  load 
requirements.  It  is  suggested  that  maximum  loads  be  considered 
at  all  times}  that  is>  assume  no  failures  have  occurred  in  fuses 
or  circuit  breakers.  Ary  load  computation  depends  upon  the 
basses  that  are  being  supplied  for  a  given  condition.  The  total 
load  is  the  sum  of  all  the  loads  on  the  bus(8es)  and  can  usually 
be  obtained  from  the  flight  handbook  of  the  aircraft  being  simu¬ 
lated. 

1.  Instructor  Inputs . 

The  instructor's  inputs  to  the  system  are  in  the  form  of 
failures  to  various  components.  He  may  insert  any  of  the 
follohxng  conditions: 

1.  Single  d-c  generator  system 

a.  Overvoltage  condition  of  the  main  generator 

b.  Failure  to  inverter  no,  1 

c.  Failure  to  inverter  no,  2 

d.  Complete  failure  of  the  main  generator 
2..  Single  a-c  generator  system 

a.  Failure  to  the  main  generator 
3.  A-C  and  d-c  generator  system 

a.  Failure  to  the  main  d-c  generator 

b.  Failure  to  the  main  a-c  generator 

c.  Failure  to  both  generators 
U.  Doable  a-c  generator  system 

a.  Failure  to  either  generator 

b.  Failure  to  both  generators 

2 .  Instructor  Outputs . 

Generally,  the  instructor's  outputs  are  determined  by  pilot 
action  as  a  result  of  instructor  inputs}  that  is,  indicators 
tell  the  instructor  what  the  pilot  is  doing. 

3.  Pilot  Inputs  . 

The  pilot  may  perform  the  following  functions  associated  with 
each  instructor  input: 
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1.  Sinfle  d-c  penerator  system 

a.  Turn  generator  reset  switch  to  RESET 

b.  Turn  instrument  power  switch  to  INVfeRTER  NO.  2 
position 

c.  Turn  instnunent  power  switch  to  INVERTER  NO.  2 
position 

d.  Turn  battery-generator  switch  to  OFF  and 
BATTERY-GENERATOR 

2 .  Single  a-c  generator  system 

a.  Release  the  emergency  generator 

3.  A-C  and  d-c  generator  system 

a.  Set  a-c  power  switch  to  GENERATOR  position 

b.  Set  a-c  power  switch  to  INVERTER  position 

c.  Set  a-c  power  switch  to  INVERTER  position 

U.  Double  a-c  generator  system 

a.  Set  generator  switch  to  RESET  and  ^ 

b.  Release  emergency  generator 

In  certain  cases,  the  pilot  can  also: 

1.  Turn  off  nonessential  equipment 

2.  Set  conditions  to  maintain  control  of  the 
aircraft 

3.  Adjust  engine  speeds 
li.  Turn  off  any  generator 

5.  Retract  the  emergency  generator 

6.  Select  internal  or  external  power  for  distri¬ 
bution 

U.  Pilot  Outputs. 

Outputs  to  the  pilot  are  in  the  form  of  warning  lights  that 
may  indicate  a  penerator  or  inverter  failure. 

The  basic  flow  chart  for  the  AliD  and  FbH  electrical  systems 
is  shown  in  Figure  7j  dotted  lines  are  for  the  AliD,  dashed 
lines  for  the  FiiH.  The  simulation  of  the  electrical  system 
is  detailed  in  Appendix  G. 
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SECTION  VI.  APPENDIX  A—  DETAILED  SIMULATION  FLOW  CHART 
POft  fiSfEKAl  Fiipg  S^SteIm  SIMt/LA-flbl^ 


A,  Definition  of  Symbols. 

The  eymbols  used  herein  are  defined  below, 

b  -  A  test  or  comparison  computation  followed  by  a  branch 
determined  by  the  computation  results 

c  -  A  mathematical  computation  or  function  evaluation j 

c*  indicates  that  the  results  of  a  c  operation  are  to  be 
storedj  "Set"  in  a  c  operation  indicates  that  a  nTimber 
is  stored  that  will  produce  a  desired  condition. 

d  -  A  decision  determined  by  some  value  or  function  with  a 
simulated  system 

f  -  A  branch  fixed  for  the  entire  simulation  by  the  particular 
aircraft  (input  to  assembly  program) 

P  -  A  decision  determined  by  positioning  a  pilot-controlled 
switch 

I  —  A  decision  determined  by  positioning  an  instructor-controlled 
switch 

0  -  An  operational  function  used  for  transfers,  instruction 

modification,  and  indexing 

-  A  bar  over  a  symbol  denotes  the  opposite  of  that  symbolj 
a  is  read  "not  a" 

h  -  Electrical  or  mechanical  operations  performed  by  the  final 
hardware;  they  are  not  digitally  simulated  and  are  always 
connected  to  other  operations  in  the  flow  chart  by  dashed 
lines 

s  -  A  store  deration 

The  symbol  -  -  denotes  pilot  outputs  in  the  siiinilation. 


-ill- 
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B .  Subroutine  I . 

The  flaps  system  simulation  always  begins  with  Subroutine  I.  It 
determines  whether  the  simulation  is  to  be  done  during  the  i^“ 
computation  cycle  and,  if  so,  whether  or  not  a  ''steady-rate* 
computation  will  suffice.  Subroutine  I  is  diagrammed  in  Figure  A-7. 
and  the  operations  are  defined  below. 


Figure  A-i  -  Subroutine  I  for  Flap  System  Simulation 

-  Is  "steady-rate"  to  be  simulated?  Or  does  '' 

is  the  flaps  system  simulation  first  control  wore! 
fOT  the  i'*'^  cycle.  This  control  word  is  composed  of 
digits  Xi,  X2,  X3,  ....  Xn,  where  n  is  the  total  number 
of  "P,"  "I,"  and  "d"  decisions  within  the  ii«iin  rOdtine. 
There  is  a  digit  of  the  control  word  that  corresponds 
to  each  input  to  a  decision  of  the  above  type.  This 
digit  is  either  0  or  1,  depending  on  whether  the 
corresponding  decision  should  be  "no"  or  "yes".  If  a 
switch  corresponding  to  a  "P"  or  "I"  decision  is  not 
present  in  a  particular  aircraft,  the  associated  digit 
must  be  zero. 

The  inputs  from  other  system  simulations  that  form  the 
proper  "d"  decisions  do  so  by  modifying  the  appropriate 
digits  of  the  control  word.  In  the  case  of  "P"  and  "I" 


-12- 
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decisions,  the  switch  inputs  are  converted  to  the 
appropriate  digital  impulse  that  determines  the  proper 
control  word  digits. 

By  using  such  a  control  word,  which  may  actually  be 
several  computer  words,  and  by  having  a  digital  simulation 
computer  capable  of  branching  on  any  of  the  control  word 
digits,  the  simulation  logic  can  be  greatly  facilitated. 

The  following  list  defines  the  proper  association  between 
control  digits  and  decisions  in  the  flap  system  simulation. 

Digit  Decision  identification  Subroutine  in  which 

defined 


®200 

^201 


0201 

°200 

°200 


X2 

x5 

no 

^11 

^12 

Xl3 

Xili 


^200 

II 

P2OO 

III 

I2OI 

IV 

I202 

V 

J20I 

V 

“200 

V 

*^201 

VI 

^^202 

VI 

^202 

VIII 

J203 

VIII 

t201, 

X 

I203 

XI 

“205 

XI 

<^206 

XI 

XIV 

Store  as  next 

Has  ’’steady-state"  been  reached?  That  is,  is  (Fp)i=.i  - 
(Fp)i-2  -  0?  (Fp)i_l  is  the  flap  position  at  the  end 
01  the  (i-l)"^"  cycle. 

Transfer  to  next  system. 

Initialization;  reset  digits  of  control  word  associated 

with  C21Y ,  02l8»  ®219*  ^ZZQ*  ^223*  ®22l|  zero. 

Transfer  to  SubrouHne  ViII  for  "steady-rate"  computation. 
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C ,  Subroutine  II . 

Subroutine  II  determines  whether  the  instructor's  flaps  freeze 
switch  is  on.  The  Subroutine  is  shown  in  Figure  A-2,  and  the 
operations  are  defined  below. 


Figure  A-2  -  Subroutine  II  for  Flap  System  Simulation 


I200  “  I®  instructor's  flaps  freeze  switch  on?  (test  Xj). 

1^202  “  instructor's  flaps  freeze  indicator. 

h202  ”  Turn  on  instructor's  flaps  freeze  indicator. 

D.  Subroutine  III. 

Subroutine  III  (see  Figure  A-3)  determines  the  position  of  the 
pilot's  emergency  flaps  control.  The  operations  are  defined  below. 


Figure  A-3  -  Subroutine  III  for  Flap  System  Simulation 


-ill- 


I 


TECHNICAL  REPORT:  NAVTRADE7CEN  772 


GER-10017 


P200  “  Is  pilot's  emergency  control  normal?  (test  X2). 
h2lo  “  Set  instructor's  indicator  associated  with  P200 
^210  ~  Set  instructor's  indicator  associated  with  P200  OFF. 

E»  Subroutine  IV . 

Subroutine  17  (see  Figure  A-l:)  determines  the  status  of  the 
instructor's  normal  flaps  fail  switch.  The  operations  are  defined 

below. 


Figure  A-4i  -  Subroutine  IV  for  Flap  System  Simulation 

I20I  ”  I®  instructor's  normal  flaps  fail  switch  on?  (test  X^). 
^208  "  instructor's  indicator  associated  with  l201* 

R208  “  Turn  off  instinictor's  indicator  associated  with  l201* 
b202  -  Are  flaps  full  up?  Is  (F  )i_l  •  0? 

0203  ”  Transfer  to  warning  device  test.  Subroutine  X. 

F.  Subroutine  V. 

Subroutine  V  determines  whether  electrical  power  is  needed  and 
available  for  flaps  control.  If  a  circuit  breaker  is  present,  it 
determines  the  status  of  the  pilot's  circuit  breaker  and  the 
instructor's  circuit  breaker  fail  switch.  This  instmctor's 
circuit  breaker  fail  switch  will  turn  off  the  pilot's  circuit 
breaker,  holding  it  off  until  the  fail  switch  is  reset.  Sub¬ 
routine  V  is  shovm  schematically  in  Figure  A-5,  and  the  operations 
are  defined  below. 
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Figure  A-5  -  Subroutine  V  for  Flap  System  Simulation 

^200  “  Is  a  circuit  breaker  present?  (assembly  input  or  test  Yi). 
Although  all  f-type  branches  are  indicated  as  assembly 
inputs,  they  can  be  set  by  a  control  word.  However,  in 
the  absence  of  an  assembly  program,  the  testing  and 
branching  involved  in  the  f-type  operations  must  be 
performed  for  each  complete  simulation  cycle  even  though 
the  branches  are  fixed  for  the  entire  simulation.  Also, 
a  control  word  must  be  prepared  manually.  Unless  the 
programmer  desires  to  perform  a  hand  assembly,  in  which 
case  he  must  proceed  on  his  own,  the  following  method 
is  suggested. 

Form  a  control  word  (¥'p)  similar  to  the  previous  one 
with  digits  yi,  y2,  ....  each  of  which  corresponds 
to  an  f-type  branch.  This  word  is  loaded  into  computer 
storage  along  with  the  simulation  program.  The  infor¬ 
mation  needed  for  the  formation  of  this  control  word 
can  be  found  in  the  aircraft  flight  handbook.  Since  a 
control  word  digit  is  either  0  or  1,  corresponding,  to 
an  f  branch  of  "noe  or  eyes,”  the  following  associations 
can  be  defined. 
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Sabroutlno  in  which 

Digit  Branch  identification  branch  deflnad 


71 

72 
3^3 

yu 


^200 

^201 

^202 

f203 

f20i: 

^205 


V 

VI 

IX 

X 

XIV 

XI 


^202 

°20U 

h205 

^205 

°206 

P20I 

5235 

d200 


Is  instructor’s  circuit  breaker  fail  switch  on?  (Test.  Xji^). 
Set  pilot's  circuit  breaker  to  OFF. 

Set  instructor's  indicator  associated  with  I202  'to  ON. 

Set  instructor's  indicator  associated  with  I202  to 
Close  solenoid  valve  controlling  hydraulic  pressure  io 
flaps ,  Set  X8  -  0. 

Pilot's  circuit  breaker  on?  (test  XO. 

Set  instructor's  indicator  associated  with  PoQl  to  ON. 

26  vdc  available  for  fliqps  control?  (test  X^% 


G.  Subroutine  VI. 

Subroutine  VI  determines  the  availability  of  electrical  or 
hydraulic  power  to  actuate  the  flaps.  Figure  A-6  is  a  schematic 
of  the  eubroutlne,  and  the  operations  are  defined  below. 


Figure  A-6  -  Subroutine  VI  for  Flap  System  Simulation 
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^201  ~  I®  electrical  power  needed  for  flap  actuation? 
(assembly  input  or  test  72). 

d2oi  -  Is  e-c  electrical  power  available  for  flap  actuation? 
(test  Xy) . 

d202  -  Is  hydraulic  pressure  available  for  flap  actuation? 
(test  X0). 

H .  Subroutine  YII . 

Subroutine  VII  (see  Figure  A-7)  determines  whether  the  dynamic 
pressure  is  sufficient  to  move  the  flaps  up  when  actuating  power 
is  lost.  The  operations  are  defined  below. 


Figure  A-7  -  Subroutine  VII  for  Flap  System  Simulation 

b203  ~  Is  dynamic  pressure  sufficient  to  move  flaps  up  after 

actuating  pcwer  is  lost?  Since  this  condition  is  some¬ 
what  difficult  to  establish,  it  is  suggested  for 
practical  purposes  that  b203  he  changed  to  read;  *Is 
the  aircraft  airborne?* 

I.  Subroutine  VIII. 

Subroutine  VIII  determines  if  the  flaps  are  to  be  moved  and  how. 

The  Subroutine  is  shewn  schematically  in  Figure  A-8;  the  operations 

are  defined  below. 
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Figure  A-8  -  Subroutine  VIII  for  Flap  System  Simulation 


P202 

1*203 

^201 

C217 

°218 

C219 

C220 

^236 

h237 

h238 


Is  pilot's  flap  control  up?  (test  Xp). 

Is  pilot's  flap  control  down?  (tesv  Xio)* 

Is  a-c  power  needed  for  flap  extension?  (assembly  input 
or  test  72) . 

Signal  to  a-c  electrical  system  for  flaps-up  powerj 
set  proper  control  word  digit  to  1. 

Signal  to  hydraulic  system  for  flaps-up  powerj  set 
proper  control  word  digit  to  1. 

Signal  to  a-c  electrical  ^stem  for  flaps  downj  set 
proper  control  word  digit  to  1, 

Signal  to  hydraulic  system  for  flaps  down;  set  proper 
control  word  digit  to  1. 

Set  instructor's  indicator  associated  with  P202  S' 

Set  instructor's  indicator  associated  with  P203  DOWN. 

Set  instructor's  indicator  associated  with  P203 
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J»  Sttbroatlne  IX . 

Subroutine  IX  determines  whether  a  relief  valve  or  blowback  feature 
is  incorporated  in  the  flaps  system  and,  if  so^  whether  air  speed 
is  sufficient  to  move  the  flaps  up  against  the  actuating  force. 

The  subroutine  is  diagrammed  in  Figure  A-9,  and  the  operations  are 
defined  below. 


Figure  A-9  -  Subroutine  IX  for  Flap  Simulation  System 

^202  *“  pressure  relief  or  blowback  feature  present?  (assembly 
input  or  test  73)* 

b2o^  -  Is  air  speed  sufficient  for  blowback?  Is  Vg  >  V^? 

(Va  is  air  speed  and  V^,  is  the  speed  at  which  blowback 
begins.)  The  data  for  this  subroutine  can  be  obtained 
directly  from  the  aircraft  fli^t  handbook. 

K.  Subroutine  X 

Subroutine  X  establishes  the  presence  or  absence  of  a  warning  device 
and  detemines  idiether  or  not  it  is  on.  Subroutine  X  is  shown 
schematically  in  Figure  A;^,  and  the  operations  are  defined  below. 


-50- 
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Figure  A-10  -  Subroutine  X  for  Flap  System  Simulation 


^203 

^205 

^06 

^207 


^2Ch 

C230 

C232 

5232 

h239 


Is  a  warning  device  present?  (assembly  input  or  test  y^). 
Are  the  flaps  up?  (Fp)i„l  ■  0? 

Warning  device  sequence  check  with  flaps  up,  including 
air-speed  test.  * 

Warning  device  sequence  check  with  flaps  down.  (These 
sequence  checks  are  fully  described  in  the  aircraft 
flight  handbook.  This  subroutine  was  designed  for  a 
feature  of  the  p6M.) 

Is  pilot's  warning  device  circuit  breaker  on?  (test  Xq^^) 
Set  special  controls. 

Turn  on  warning  device. 

Turn  off  wamir^  device. 

Set  instructor's  indicator  associated  with  P2o^  to  ON. 


-51- 
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L»  Subroutine  XI. 

Subroutine  XI  determines  the  outputs  to  the  flap  position  indicator 
and  aerodynamics.  Also,  the  status  of  the  instructor's  indicator 
fail  switch  is  established.  The  block  diagram  of  the  system  is 
shown  in  Figure  A-11,  and  the  operations  are  defined  below. 


Figure  A-11  -  Subroutine  XI  for  Flap  System  Simulation 


»225 


I203 

f205 

<^205 

d206 

^228 

S229 

0201 

h2U0 


Store  (Fp)i  for  output  to  aerodynamics,  where  is 
F 

the  maxSASm  flap  deflection,  as  obtained  from  the 
flight  handbook. 

Is  instructor's  indicator  fail  on? 

Is  do  needed  for  indicator?  (assembly  input  or  test  y^). 
Is  dc  available?  (test  X13). 

Is  ac  available?  (test  X]j,). 

Set  indicator  is  inoperative. 

Store  (Fp)i  for  output  to  flap  position  indicator, 

p 

Transfer^fo  next  system  simulation. 

Set  Instructor's  indicator  associated  with  I203  to  W. 
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M ♦  Subroutine  XII . 

Subroutine  XII  is  the  flaps-up  computation.  The  rate  of  change 
in  flap  position,  AU,  is  an  assembly  input  constant.  The  flaps 
full-up  position  is  assumed  to  represent  the  reference  (zero 
degrees  deflection).  The  subroutine  is  shown  in  Figure  A-12j 
the  operations  are  defined  below. 


Figure  A- 12  -  Subroutine  XII  for  Flap  System  Simulation 

C2U0  -  Form  (Fu)i  *  (Fp)i.i  -  AU(tg).  where  (Fu)i  is  the  flap 
position  at  the  end  of  the  1''^  computation  cycle  during 
the  upward  movement  simulation,  (Fp)^  is  the  corres¬ 
ponding  position  at  the  end  of  the^(i  -  cycle,  and 
tg  is  the  simulation  cycle  time.  AU  is  determined  by 
dividing  the  full  flap  deflection  in  degrees  by  the  total 
retraction  time.  Both  numbers  are  usually  given  in  the 
aircraft  flight  handbook;  otherwise,  they  can  be  found 
in  the  aircraft  trainer  systems  report. 

b2io  -  Is  Fpi  0? 

°2Ul  " 

S210  -  Store  (Fu)i  as  (Fp)i>i. 

N.  Subroutine  XIII . 

Subroutine  XIII,  the  flaps-down  computation,  is  similar  to  the 

flaps-up  computation,  except  that  the  constant  increment  is  AD. 

Figure  A-13  is  the  block  diagram;  the  operations  are  defined 

below. 
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Figure  A-13  -  Subrcjutine  XIII  for  Flap  System  Simulation 

°2li2  ■"  (^d)i  ■  (Fp)i-l  +  AD(tg),  where  (Fd)i  is  the 

flap  position  at  the  end  of  the  i‘'“  cycle  during  down¬ 
ward  movement  simulation,  and  (Fp)j^]^  is  the  corresponding 
position  at  the  end  of  the  (i  -  1)^  cycle. 

AD  is  determined  similarly  to  All  except  the  total 
extension  time  is  used  instead  of  total  retraction  time, 
b2ii  -  Is  (Fd)iJS  maximum  deflection  (F^j^j-)? 

C2U3  ~  (FdJi  -  F»ax, 

sgii  -  Store  CFd)i  as  CFp)i-i. 

0.  Subroutine  XIV. 


Subroutine  XIV  establishes  the  type  and  availability  of  power 
required  for  the  emergency  flaps  system.  The  block  diagram  is 
shown  in  Figure  A-lUj  the  operations  are  defined  below. 


Figure  A-ll:  -  Subroutine  XIV  for  Flap  System  Simulation 
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^2Cii  ”  emergency  S3rstem  hytiraulic?  (assembly  input  or 

test  y^). 

*^20ii  ~  pne^atic  pressure  available?  (test 
C223  “  Turn  on  the  emergency  hydraulic  pump;  set^control  word 
digit  to  1. 

C22I1  “  Signal  to  pneumatic  system  for  power;  set  control  word 
digit  to  1. 

P.  Preparation  of  Input  Data  for  AltP  Flap  System  Simulation . 

The  second  control  word  is  formed  from  information  obtained  from 
the  AUD  flight  handbook  wing-flaps  section.  The  proper  digit 
values  are  given  below. 

Digit  Value  Branch  identification  Subroutine  in  which 

branch  defined 


n 

0 

^200 

V 

y2 

0 

^201 

VI 

1 

^202 

n 

yu 

0 

^203 

X 

^5 

0 

£20ii 

XIV 

^6 

1 

^205 

n 

This  list  indicates  that  subroutines  V,  VI,  X,  and  HV  are  not 
used  in  simulating  the  Aid).  The  value  of  V^^  in  Subroutine  IX 
is  found  from  the  flight  handbook  to  be  210  knots  IAS,  and  the 
value  of  in  Subroutine  XI  is  found  to  be  50  degrees.  The 

times  for  flap  retraction  and  extension  are  found  in  the  AliD 
trainer  s3rstems  report  to  be  5  and  10  sec,  respectively.  AU 
is  computed  to  be  $0  de^5  sec,  or  AU  «  10  deg  per  second. 
Similarly,  AD  is  computed  to  be  50  de^lO  sec,  or  AD  5  dog  por 
second. 
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SECTION  VII.  APPENDIX  B  -  DETAILED  SIMUUTION  FLCW  CHART 
FOR  G^ERAt  PNEQMATIC  STSTgM  ■ 

The  tTpes  of  operations  represented  by  the  flow-chart  symbols  are  the 
same  as  those  defined  in  Appendix  A, 

A.  Subroutine  I. 

Subroutine  I  determines  whether  the  high-pressure  pneximatic 
system  is  to  be  simulated  during  the  i^^  cycle  and,  if  so,  whether 
a  "steady-rate^*  simulation  will  be  adequate.  The  flow  chart  is 
given  in  Figure  B-lj  operations  are  defined  below. 


Figure  B-1  -  Subroutine  I  for  Pneumatic  Sjnstem  Simulation 

b2o  “  Is  "steady-rate"  to  be  simulated?  That  is,  does  Wp.-JWj^u  ^.-O? 
Wp^,  the  first  control  word  of  the  pneumatic  ^stem^  ^ 
simulation  for  the  simulation  cycle,  is  similar  to 
the  flap  system  simulation  first  control  word.  The 
digits  will  be  denoted  by  U^,  U2,  •••,  and  the  proper 
relationships  between  these  digits  and  the  "P,"  "I," 
and  "d"  decisions  in  the  pneumatic  system  flow  chart 
are  as  follows. 

Digit  Decision  identification  Subroutine  in  which 
_  _ _  defined 


II 

IV 

IV 

V 

V 

V 
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Subroutine  in 


Digit 

Decision  identification 

which  defined 

U7 

V 

^8 

I3 

VI 

U9 

d7 

IX 

UlO 

I2 

X 

un 

X 

U12 

dS 

X 

^13 

h 

n 

^lli 

‘^lO 

Xll-b 

^15 

dll 

(♦ 

subsystem  index) 

Xll-a 

U16 

dll 

subsystem  index) 

Xll-a 

* 

a 

a  n 

a 

a 

a 

n  a 

a 

• 

a 

H  n 

a 

U30 

a 

n  n 

a 

U3I 

?30 

a 

U32 

d3l 

a 

820  “  Store  as  Wp4_ 

b2i  -  *Steady-stateW  test.  Compressor  must  be  absent  or  not 
operating  and  the  first  control-word  digits  um  through 
U30  must  be  zero  for  a  steady-state  to  exist  and  a 
corresponding  ’’Y*  branch.  Digits  through  D^q 
correspond  to  the  control  valve,  position  of  subsystems 
1  through  17,  respectively.  U3J1  and  are  illustrated. 

%0  ~  I^iitializationj  reset  U.31  to  1,  Reset  subsystem  index. 

®Ul  “  ^31 

B.  Subroutine  II . 


The  status  of  instnxctor's  ground  charge  switch  is  determined  in 
Subroutine  II  (see  Figure  B-2).  The  operations  are  defined  below. 


Figure  B-2  -  Subroutine  II  for  Pneumatic  System  Simulation 

-58- 


TECHNICAL  REPORT:  NAVTRADEVCEN  772 


GER-10017 


-  Is  instructor's  ground  charge  switch  on?  (test  U^) 
hij^3  -  Set  instructor's  ground  charge  indicator  to  ON. 
h^3  -  Set  instructor's  ground  charge  indicator  to 
C]^  -  Set  system  pressure  to  normal  operating  level j  that  is, 

Pi,j,kJ,m  :  PpS.  Y^®re  Pi  j  k,l,m 
pressure  associated  with  the  itn  confutation  cycle, 
the  pressure  storage  vinit  (bottle),  the 
compressor  cycle,  the  H^h  load,  apd  the  m^^  instructor- 
inserted  leak. 

C .  Subroutine  III . 


Subroutine  III  is  a  branch  fixed  by  an  assembly  input  that 
establishes  the  presence  of  a  compressor  unit.  The  flow  chart 
is  presented  in  Figure  B-3,  and  the  operations  are  defined  below. 


Figure  B-3  -  Subroutine  HI  for  Pneumatic  System  Simulation 

fi  -  Is  a  compressor  unit  presented?  (test  V]^).  The  pneumatic 
system  simulation  second  control  word  is  similar  to  the 
corresponding  control  woM  for  the  flap  system.  The 
association  between  its  digits  and  f-type  branches  is 
given  below. 
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Subroutine  in  which 
Digit  Branch  identification  defined _ 

III 

IV 

V 

V 

V 

IX 

X 

XI 


Subroutine  IV  determines  the  status  of  the  pilot's  circuit 
breaker  and  the  instructor's  circuit  breaker  fail  switch.  This 
circuit  breaker  controls  electrical  power  to  the  compressor  unit. 
This  subroutine  is  diagrammed  in  Figure  lij  the  operations  are 
defined  below. 


'8 


^10 


D.  Subroutine  IV. 


Figure  B-U  -  Subroutine  IV  for  Pnevunatic  System  Simulation 


fll 

\ 

=38 

^39 

f 


Is  circuit  breaker  present?  (test  V2). 

Is  instructor's  circuit  breaker  fail  switch  on?  (test  U2) 
Set  pilot's  circuit  breaker  to  OFF* 

Set  instructor's  circuit  breaker  fail  indicator  to  ON. 

Is  pilot's  circuit  breaker  on?  (test  U3). 

Set  instructor's  indicator  associated  with  to  ON. 
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E*  Subroutine  V. 


Subroutine  V  tests  the  system  pressure  to  determine  whether  the 
compressor  is  supposed  to  be  simulated  and,  if  so,  that  it  per¬ 
forms  the  simulation.  The  flow  chart  is  given  in  Figure  B-^,  and 
the  operations  are  defined  below. 


Figure  B-5  -  Subroutine  V  for  Pne\imatic  System  Simulation 

^  —  Is  Pi,J,k,l,m  ^  Pomin  1=  the  pressure  at  which 

compressor  operatioxioegins . 

^2  -  <  Pqa«?  Pcmax  is  the  pressure  at  which  the 

compressor  stops.  Bo^  Pcmin  ^Cmax  ****  obtained 
from  the  maintenance  handbo^  or  simulator  systems 
report. 
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Is  dc  available?  (test  Ul). 

Set  conqjressor  mass  increment  to  zeroj  that  is,  ■  0. 

Is  a-c  electrical  poirer  needed  for  compressor  operation? 

(test  Vi^). 

Is  d-c  electrical  power  needed  for  compressor  control? 

(test  V3). 

Is  Jic  available?  (test  Ue). 

Is  hydraulic  power  needed  to  operate  compressor?  (test  V5). 

Is  l^raulic  power  available?  (test  U5). 

Signal  to  hydraulic  system  for  power  to  con^iressor j  that 
is,  sot  proper  control- word  digit  to  1. 

Signal  to  hydraulic  system  for  no  power  to  compressor! 
that  is,  sot  proper  control-word  digit  to  zero. 

Input  from  engine j  is  blood  air  rate  all  right?  (test  Uy). 
Calculation  of  mass  of  air  increase  due  to  compressor 
operation.  The  inlet  air  supply  to  the  compressor  is 
regulated  to  a  pressure  of  one  standard  atmosphere.  The 
volume  rate  of  delivery,  A  Vp/At,  is  a  constant,  C^,  up 
to  an  outlet  pressure,  P-qJ  it  then  drops  off  linearly 
to  zero  at  the  normal  system  pressure,  Ppjj,  This  may 
be  expressed  as 

Cl  ,  (CsPi,j,lt,l,m*Ppo)  (B-la) 


^1  ®1  (^i,j ,k, !!,»)»  (Ppo^^i,J,k,i,m-*PpN)  (B-lb) 


(Pi,j,k,)l,m  >  PpN) 

Constants  C]^,  Ppjj,  and  PpQ  are  found  in  the  aircraft  hand¬ 
book  of  maintenance  instmctions  for  the  pneumatic  systemj 
they  may  also  sometimes  be  found  in  the  aircraft  trainer 
systems  report.  Constants  A^^  and  are  determined  from 
expressions. 


A  t 


iJi 

A  t 


and 


A  t 


-62- 


TBOHNICAL  REPORT:  NAVTRADETCEN  772 


GER-10017 


h 

h 


Cl  (1  - 


rpo 


Ppo  “  PpH 


Ppo  “  PpN 


(B-Z) 


Equations  la,  lb,  and  Ic  are  concerted  to  gire  the  naae 
of  conpressor  air  dellTerjr  as  follows  t 

AMk4l  -  Cl  Atk+i,  (Oa£Pi,j,k,X,m^Ppo^ 

Amjj^I  -  (Ai  ♦  Bi 

(Ppo<  Pi,J,k,jl,m^^iai) 
aikl 

^k4l  •  0>  (Pi,J,k,I,m  >  PpN)  (B-3c) 

where  is  the  density  of  air  at  one  standard  atmosphere 
and  Atk+l  elapsed  since  the  k^  compressor 

cycle  simulation.  This  conversion  is  made  so  that  a 
fixed  system  volume  of  air  can  be  used.  The  system  volume 
at  nomal  pressure  is  converted  to  mass  and  entered  as 
an  input  constant  into  the  simulation  program.  The 
system  volixme  is  arbitrarily  taken  as  twice  the  largest 
iixllvldual  storage  bottle  volume.  These  storage  bottle 
volumes  (see  item  12,  below)  are  usually  found  in  the 
aircraft  flight  handbook  or  the  maintenance  handbook  for 
the  pneumatic  system. 

c»^  -  Calculation  of  pressure  increase  due  to  conqjressor  oper¬ 

ation.  For  a  given  volume  of  air  at  a  fixed  tenperature, 
the  pressxire  is  proportional  to  the  mass;  hence,  the 
main  system  pressure  at  the  end  of  the  (k<fl)^^  compressor 
(grcle  is 


^i,J,k‘^|,m 


(”i,3,k,|,n*  Amk^l)^ 
®i,J,k,|,m 
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where  nii  J  m  of  air  contained  in  the 

main  system  at* the  end  of  the  compressor  qycle,  and 
^k+1  is  the  mass  of  air  added  to  the  main  system  by 
the  tk+l)^h  compressor  cycle. 

00  --  Set  signal  for  electrical  power;  set  proper  control- 

word  digit  to  1. 

3^  -  Store  Amk+l  for  steady-rate  computations. 

S]^Q  -  Store  pressure. 

c*0  -  Set  signal  for  no  electrical  power;  set  proper  control- 

word  digit  to  zero. 

F .  Subroutine  VI . 

Subroutine  VI  determines  the  position  of  the  instructor's  leak 
switch,  providing  the  corresponding  output  to  the  pressure 
summation  point  (c^).  The  flow  chart  is  shown  in  Figure  B-6,  and 
the  operations  are  defined  below. 


Figure  B-6  -  Subroutine  VI  for  Pneumatic  ^stem  Simulation 


1-3  -  Is  instructor's  leak  switch  on?  (test  Uo). 

hr^  -  Set  instructor's  leak  switch  indicator  to ’ON. 

-  Set  instructor's  leak  switch  indicator  to  (^. 

®l8  ”  pressure  decrwnent,  fiPm+l* 

^18  ”  ®®^°  pressure  decrement,  APm+l  ■  0* 

c*9  -  Form  new  pressure,  Pi,j,k+l,Jl,m+l  *  Pi,j,k+l,jl,m 

-  ^Pm+1- 

G .  Subroutine  VII 


Subroutine  VII  (see  Figure  B-7)  provides  the  steady-rate  compu¬ 
tations  for  the  air  compressor  simulation.  The  operations  are 
defined  below. 
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Figure  B-7  -  Subroutine  VII  for  Pneumatic  System  Simulation 

b5  -  Is  -  0? 

c]^2  -  Set  U32  to  0. 

c^3  -  Set  U32  to  1. 

H .  Subroutine  VIII 


Subroutine  VIII  simulates  a  pressure-relief  valve  by  setting  the 
system  pressure  equal  to  the  maximum  allowable,  if  the  calculated 
pressure  is  too  great.  This  subroutine  is  diagrammed  in  Figure 
B-8j  the  operations  are  defined  below. 


Figure  B-8  -  Subroutine  VIII  for  Pneumatic  System  Simulation 
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®U 


I«  Pi at  Pp.-M*  ^  waxlOTim  system 
pressdrt,  is^pBwined  from  the  flight 


handbook. 

S®t  Pi,j,k+l,)l,m+l 


I.  Sabrotttine  H. 


Subrofutine  IZ  establishes  the  presence  and  status  of  a  lorf-pressure 
aaritoh  and  associated  warning  light,  as  shown  in  Figure  B»9.  The 
operations  are  defined  below. 


Figure  B-9  -  Subroutine  IX  for  Pneumatic  System  Simulation 

f^  -  Is  a  low  pressure  warning  system  present?  (test  V5). 
bo  -  I®  Pi  j  k+1  I  m+1  -  PrIow  ^  pressure  at  which 

the  wiraing^light  comes  on,  Pnioir  *’  obtained  from 
the  flight  handbook. 

d*T  -  Is  a-c  electrical  power  available  for  learning  light? 
(test  U9). 

0^3  -  Set  warning  light  to  ON. 

0^3  -  Set  warning  light  to  T^» 
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J.  Subroatine  X 


Subroutine  X  establishes  the  presence  and  status  of  a  pressure 
transmitter  and  the  associated  indicator.  Provision  is  made  for 
an  instructor  to  fail  the  pilot’s  indicator.  The  flow  chart  is 
given  in  Figure  B-lOj  the  operations  are  defined  below. 


Figure  B-10  -  Subroutine  10  for  Pneumatic  System  Simulation 


j7 

p.7 

dj 

"^16 


Is  a  pressure  gage  present?  (test  V^). 

Is  instinictor's  indicator  fail  switch  on?  (test 
Set  instructor’s  indicator  fail  light  to  ON. 

Pressure  gage  inoperative. 

Set  instructor’s  indicator  fail  light  to  OFF. 

Is  d-c  electrical  power  available  for  pressure  trans¬ 
mitter?  (test  Uii). 

Is  a-c  electrical  power  available  for  pressure  gage? 
(test  tJi2)  • 

Transfer  system  pressure  status  to  indicator. 


K.  Subroutine  XI. 


Subroutine  XI  determines  the  proper  sequence  of  subsystem  compu¬ 
tations.  It  is  also  used  in  connection  with  the  instructor’s 
ground  charge  switch  to  establish,  initially,  individual  bottle 
pressures.  The  flow  chart  is  presented  in  Figure  B-11,  and  the 
operations  are  defined  below. 
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i 


Figure  B-U  -  Subroutine  U  for  Pneumatic  System  Simulation 

Oq  -  Increase  the  subs3rstem  indexj  that  is,  replace  X  hy 

J^+1. 

bj^  -  Test  indexj  have  all  subsystems  been  computed? 

I]^  -  Is  instructor's  ground  charge  switch  on?  (test  U13). 

-  Set  bottle  pressure  to  Pp«, 

flO  -  Is  a  priority  valve  present?  ^ test  75). 

-  Is  Pi  j,k+l  t  m+lt^PpY^  I®  priority  valve  to  determine 

speclix  disirfbution  of  pressure?  The  pressure  at  lAich 
the  priority  valve  begins  to  function  (I^)  may  be  found 
in  the  aircraft  flight  handbook  or  maintenance  handbook 
for  the  particular  pneumatic  system. 

-  Test  the  digit  of  the  modified  third  control  word  according 
to  the  subsystem  index.  Is  this  digit  zero? 

The  third  control  word  of  the  pneumatic  system  deter¬ 
mines  which  of  all  the  pneumatic  subsystems  are  present 
in  the  aircraft  being  simulated.  This  control  word  is 
formed  manually  or  by  an  assembly  program.  Each  digit 
of  this  control  word  is  associated  with  one  of  the  sub- 
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systems  previously  listed.  A  zero  digit  is  used  to 
indicate  the  absence  of  the  associated  subsystem. 

A  units  digit  is  used  to  indicate  the  presence  of  the 
associated  subsystem. 

A  modified  control  word  defining  the  subsystems  for 
which  power  is  available  when  the  priority  valve  is 
acting  must  also  be  formed.  When  the  priority  valve 
tests  are  satisfied,  this  modified  control  word  is 
used  instead  of  the  usual  one.  It  is  identical  with 
the  usual  one  except  that  it  has  zero  digits  for 
subsystems  to  which  pneumatic  power  is  unavailable 
during  priority  valve  action. 

The  association  between  digits  of  this  control  word 
and  the  pneumatic  subsystems  is  shown  below. 

Subsystem  no. 

1 
2 
3 
h 


17 

Transfer  to  ( X  +1)^^  subsystem  (Subroutine  XII ). 

Test  digit  of  third  control  word  according  to  sub¬ 
system  index.  Is  this  digit  zero?  The  subsystem 
indexer  determines  which  digit  to  test. 

NOTE 

The  above  transfer  is  actually  to  the  (j+1)^  bottle 
associated  with  the  (X+1)^^  subsystem. 


Digit 

Wl 

W2 


W- 


17 


L.  Subroutine  XII 


Subroutine  XII  performs  the  computations  associated  with  pro¬ 
viding  pneumatic  pressure  to  the  proper  subsystems.  Individual 
bottle  and  main  system  pressures  are  adjusted  according  to  each 
subsystem's  demands. 
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Subroutine  XII  is  divided  into  two  parts:  Xll-a  is  the  general 
subsystem  simulation,  while  XII -b  is  a  special  subsystem  simu¬ 
lation  not  included  in  Xll-a,  Subroutine  Xll-a  is  presented  in 
a  general  form  with  the  understanding  that  it  be  applied  to 
each  subsystem  as  required  in  the  simulation  of  a  particular 
aircraft . 

1»  Subroutine  Xll-a  . 

Subroutine  Xll-a  is  diagrammed  in  Figure  B-12j  the  operations 
are  defined  below. 


S 


19 

n 

“is 

_ 1 

m 

o 

CM 

u 

m 

°'l9 

19 

■ 

f  _ L 

1 

r~ 

®19 

°20 

®21 

Subroutine  V 

Operation  c^' 

Subroutine  V 

Operation  £2 

L,..77x: _ 

1 - 

— t 

1 

_ 

1 

-]iTn 

®19 

Subroutine 

m 

Q 

*^31 

C\J 

in 

I 


Figure  B-12  -  Subroutine  Xll-a  for  Pneumatic  System  Simulation 


ci9 


Is  the  (j+l)'th  bottle  pressure  less  than  the  main 
system  pressure?  That  is,  is  Pi-i,j+i,k+l,l+l,m+l 
^  ^i,j  ,k+l,l,m+l2v. 

Compute  the  bottle  pressure  and  adjust  the 
main  system  pressxire. 


If  the  main  system  pressure  is  Pj^  ^  m+l> 

main  system  volmae  of  air  is  Vg,  (,n4  (jiijth  bottle 
pressure  is  Pi-i  j+i  k+l.l+l,m+l  the  previous 
computation  cycle,  and  tne  volume  of  air  in  the 
(j+1)^^  bottle  is  (as  obtained  from  flight 
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handbook),  tho  folloving  equation  majr  be  written  to 
describe  the  movement  of  compressed  air  from  the  main 
system  to  the  bottle: 

Pi,j+l,k+l,jt,m4l  (Vs  ♦  Vj+i)  -  Pi,j,k+l,t,nRl  (Va) 

♦  Pi-1, (Vj+l)» 

irtiere  energy  loss  due  to  heat  is  neglected.  The  main 
system  mass  of  air  becomes 


*19  ■ 

*20  - 
du  - 


bi5  - 

®20  " 
'^0  - 
^9  “ 

S21  - 
d3o  - 

®31  “ 


®i,j+l,k+l,l,m+l 


(Pi,>l,k4l,t  ,m4  l)(”^i,3,k,)l,ra) 
Pi,3,k,Jt,m 


Store  Pi  14.1  wi  t  iB+i  as  a  new  system  pressure  and 
as  new  (k+1)^  bottle  pressure. 

Store  m^  44.1  1^4.1  as  new  system  mass  of  air. 

Is  the  siossrStem’cintrol  valve  open?  Test  the  prcxper 
digit  through  U30)  according  to  the  subsystem 
index. 

I*  Pi J4l,k4l,l.m+1  >  AP<+i/At?  The  subsystem  loads, 
APjj4.i/flt,  are  obtained  from  the  aircraft  manufacturer's 
design  data,  and  are  taken  as  fixed  pressure  decrement 
rates;  tg  is  the  simulation  cycle  time. 

Set  proper  control  word  digit  of  (1+1)'^^  subssystem  to 
1  to  indicate  that  pneumatic  power  is  available. 

Set  proper  control  word  digit  of  (J?4l)‘*'^  subsystem  to 
zero  to  indicate  that  pneumatic  power  is  unavailable. 
Decrease  (j+1)^  bottle  pressure  by  (1+1)'^^  actuator's 
requiranents , ( AP|4^ /At) ts . 

Store  new  bottle^ pressure  as  P^  ^4,1  jj4,i  I4.1  jj4,i. 

Steady  rate  to  be  used  for  next^subiystin?  (test  ^i)» 
Steady  rate  to  be  used  for  next  subsystem?  (test  032)* 


2 .  Subroutine  XH-b  . 


Subroutine  Xll-b  performs  the  computations  for  the  pneumatic 
pressure  output  to  the  emergency  flaperette  system  (F9F). 

The  subroutine  is  shown  in  the  flow  chart  in  Figure  6-13; 
the  operations  are  defined  below. 
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Figure  B-13  -  Subroutine  Xll-b  for 
Pneumatic  System  Simulation 

dio  -  Is  emergency  flaperette  power  control  valve  open? 
(test  Ui],). 

C31  -  Counter  (add  one  for  each  pass), 
bp  -  Is  counter  greater  than  maximum?  The  maximum  number 
of  applications  is  obtained  from  the  flight  handbook. 
C32  “  Output  to  flaperette  system.  Set  control-word  digit 
of  flaperette  system  to  1  to  indicate  pneumatic 
power  available. 

C33  -  Output  to  flaperette  gage;  maxiinum  minus  counter. 

°3U  ”  output  to  flaperette  gage  to  zero. 

®^3U  ”  control-word  digit  of  flaperette  system  to  zero 
to  indicate  pneumatic  power  unavailable. 

The  preparation  of  input  data  for  simulating  the  FltH 
pneumatic  system  is  shown  below. 
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Subroutine  in 

Digit  Value  Branch  identification  which  defined 


V 

V2 


^3 

^7 

^8 


1 

1 

1 

0 

1 

0 

1 

0 


III 

IV 

V 

V 

V 

IX 

X 

XI 


The  normal  system  pressure,  from  the  flight  handbook, 
is  Ppjj  =  3000  psi.  Similarly,  P^nin  ^Cmax 
2700  and  3000  psi,  respectively.  ■  3pOD  psi. 


The  third  control  word  of  the  pneumatic  system  is 
again  formed  from  information  obtained  from  the 
flight  handbook. 


Digit  Value  Subsystem  no.  (defined  on  p-lQ) 


0 

1 

1 

1 

1 

1 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

1 


1 

2 

3 

1; 

5 

6 

7 

8 
9 

10 

11 

12 

13 

Ih 

16 

17 
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From  the  flight  handbook,  the  individual  bottle 
volumes  are: 


Subsystem  no. 
2  and  3 

6 

9 

10 
11 
17 


Volume  (convert  to  cu.  ft) 

100  cu  in. 

Vg  s  800  cu  in, 

200  cu  in. 

150  cu  in. 

1$  cu.in. 

1$  cu  in. 

cu  in.  7  1  bottle 

UOO  cu  in.  j 
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SECTION  VIII.  APPENDIX  C  "  DETAILED  SIMULATION  FLOW  CHART 
FOR  GENERAL  HYDRAULIC  SYSTEM  SIMHLATION 

The  types  of  operations  represented  by  the  flow-chart  syidtols  are  the 
same  as  those  defined  in  Appendix  A. 

A«  Subroutine  I . 


Subroutine  I  determines  whether  the  hydraulic  system  is  to  be 
simulated  during  the  i^  cycle  and,  if  so,  what  typo  of  sim¬ 
ulation  should  be  done.  General  initialization  of  the  main 
routine  is  also  performed  here*  The  flow  chart  is  given  in 
Fig\iro  C-1,  and  the  operations  are  defined  below. 


Figure  C-1  -  Subroutine  I  for  Hydraulic  System  Simulation 

bj^QQ  -  Is  steady-rate  to  be  simulated?  Does  -  ''^hi-i  “ 

is  the  first  control  word  of  the  hyoraulic  system 
simulation  for  the  i^"  cycle.  The  digits  will  be  denoted 
^  <ll>  ^2f  related  to  "P,"  "I,"  and  "d" 

decisions,  as  indicated  below.  The  instructor's  leak 
switch  may  have  a  third  position  for  initially  charging 
the  hydraulic  systems,  ihls  switch  would  override  bj^oo 
to  produce  a  "no"  branch. 


-7.- 


TBCHMlCiL  EXFORTi  HAVTRADSVGEN  772 


G£R-10017 


Di^lt  Dtcialon  idantiflcation 


% 

^7 

<18 

<*9 


J52 

J5U 

d56 


•tc« 


ate* 


Subroutine  in  which 
daiinad _ 

II 

II 

II 

U 

II 

IV 

IV 

V 

vn 

ate. 


MDffi 

Since  the  use  of  control  words  has  bean  illustrated  and 
since  further  illustration  would  be  rapOtitious>  control 
words  will  be  indicated  hereafter  by  defining  the 

first  few  digits  of  each.  Their  exact  composition  will 
be  similar  to  the  previous  ones  and  will  be  foxnad  in 
exactly  the  sams  manner. 


sgo  —  Store  as 

bxoi  *  Steady-state  test.  Test  W^x  ^or  condition  indicating 
that  hydraulic  systems  are  not  being  used. 

CO  **  Initialization  includes  resetting  indexes,  d69.  Subroutine 
nv,  to  "»,»  cx67>  ®tc, 

c^o  **  Initialize  ste«^-rate  computations.  Includes  setting 
Subroutine  XIV  to  "I,"  etc. 


B.  Subroutine  II . 


Subroutine  II  determines  whether  the  pilot's  emergency  pump  control 
is  on  and,  if  so,  performs  the  simulation.  It  includes  both  ram 
air  and  electrically  driven  pumps.  The  flow  chart  is  presented 
in  Figure  C-2;  the  operations  are  defined  below. 
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Figure  G-2  Subroutine  II  for  Hydraulic  System  Simulation 


Is  the  pilot’s  emergency  pump  switch  on?  (test  q^^). 

Set  instructor's  indicator  associated  with  P^q  to  ON. 
Resets 5  includes  setting  instructor's  emergency  pui^ 
indicator  to  0^,  and  resetting  q^,  c^^,  and  Uiy. 
Is  ram  air  needed  for  emergency  pump  operation 
(test  rj) . 

The  hydraulic  system  second  control  word  is  similar 
to  the  corresponding  control  word  for  the  flap  system. 
The  association  between  its  digits  and  f-type  branches 
is  indicated  below. 
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Subroutine  in 

Digit  Branch  identification  which  defined 


^2 


:ic. 


II 

VII 

IV 

etc. 


Is  ram  air  available?  (test  q^)* 

Ram-air  turbine  output  to  aerMynamics. 

Compute  emergency  pump  volume  increment.  An  emergency 
h3rdraulic  pump  output  or  volume  rate  of  delivery 
AVjqp/At  is  constant  (C2)  up  to  an  outlet  pressure  of 
Pho?  it  then  decreases  linearly  to  zero  at  the  normal 
system  pressure,  P^^*  This  rate  of  delivery  is  given  by 


■  O2,  (OSPi,j,k,J,m,p*Pho)  (0-1*) 

-jf  ■  ^  (0-lb) 

and 


if  ■ 

where  Pi  j  k  J,m,p  hydraulic  system  pressure 

for  the  jw  islociated  accumulator  d\iring  the  i^  compu¬ 
tation  cycle,  ’’p”  the  punqj  number,  "JJ*  the  load  number, 
and  the  instnictor-inserted  leak  number. 


Constants  C2,  Php>  P^n  are  given  in  the  aircraft 
handbook  of  maintenance  instructions  for  the  hydraulic 
system.  They  may  also  be  given  in  the  trainer  systems 
report.  A2  and  B2  are  given  by 

A2  -  C2  (1  -  (C-2a) 

^o  -  Phn 
and 


6 


2 


(C-2b) 
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d^2 


°71 

72 


c' 


Multiplying  Equations  la,  lb,  and  Ic  by  the  time 
elapsed  since  the  last  emergency  pun^)  simulation 
gives  the  desired  volume  increment. 

Is  a-c  electrical  power  available?  (test  q^). 

Set  signal  for  electrical  power.  Set  proper  control 
word  digit  to  1. 

Set  emergency  pump  volume  increment  to  zero. 

Is  pnetunatic  pressure  available  for  lowering  ram-air 
turbine?  (test  q^). 

Set  control  word^ digit  to  1. 

Time  delay  for  ram  air  turbine  extension.  At  end  of 
delay,  set  to  1. 

Set  signal  for  no  electrical  power.  Set  proper  control 
word  digit  to  zero. 


C.  Subroutine  III. 


Subroutine  III  performs  the  computations  for  the  instructor's 
hydraulic  system  fail  option.  Figure  C-3  is  the  subroutine 
flow  chart j  operations  are  defined  below. 


Figure  C-3  *■  Subroutine  III  for  Hydraulic  System  Simulation 
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-  Is  instructor's  hydraulic  fail  switch  on? 

^IsO  “  instructor's  hydraulic  fail  switch  indicator 
^  to  ON. 

D.  Subroutine  IV. 

Subroutine  IV  determines  whether  there  is  a  fluid  shutoff  control 
to  stop  hydraulic  fluid  flow  to  the  pump  being  simulated  and,  if 
so,  the  status  of  that  control.  Figure  C-lt  shows  the  block  diagram, 
while  the  operations  are  defined  below. 


Figure  C-lt  -  Subroutine  IV  for  I^raulic  System  Simulation 


-80- 


TECHNICAL  REPCRT:  NAVTRADEVCEN  772 


GER-10017 


ft2  -  Is  a  fire-wall  valve  present?  (test  ro). 

P^l  -  Is  pilot’s  fire-wall  valve  switch  QH?‘^(test  qg). 

-  Is  electrical  power  available  for  valve?  Test  proper 
^  control  word. 

C6o  >  Associated  punqs  volume  increment,  AVicp  ■>  0. 

h^i  -  Set  instructor*  s  indicator  associated*^with  ON. 

E.  Subroutine  Y. 

Subroutine  V,  the  pump  pressuz^  subroutine,  computes  the  pressure 
Increment  produced  hy  the  pump  being  simulated.  Engine  rpra, 
fluid  quantity,  and  pressure  are  considered,  as  shewn  in  Figure 
C-5,  the  flow  chart.  The  operations  are  defined  below. 


Figure  C-5  -  Subroutine  V  for  hydraulic  System  Simulation 


^55 

C60 


Is  engine  rpm  sufficient  for  pump  output? 

Pump  volume  increment  computations. 

Operation  Subroutine  II,  describes  the  procedure 
for  computing  normal  pump  volTome  increments.  Note 
that  only  one  normal  pump  is  simulated  on  each  pass,  in 
addition  to  the  possibility  of  an  emergency  pump.  It 
is  therefore  necessary  that  all  pump  data  be  initially 
stored  so  that  the  pump  indexer  can  be  used  to  select 
the  proper  pump  data  for  the  pump  being  simulated.  The 
pth  pump  of  the  k'^h  hydraulic  system  has  a  volume 
increment  output  denoted  by  AVw. 

Is  fluid  quantity  at  or  above  normal  operating  level? 
Set  pump  volume  increment,  AVkp  “  0* 
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F.  Subroutine  VI . 


Subroutine  VI  determines  whether  the  instructor's  leak  switch  is 
on  and,  if  so,  inserts  a  constant  pressure  decrement.  Figure  C-6 
shows  the  flow  diagram,  with  the  operations  being  defined  belcw. 


Figure  C-6  -  Subroutine  VT  for  Hydraulic  System  Simulation 

-  la  instructor's  leak  switch  on? 
hio6  "•  Set  instructor's  leak  switch  indicator  to 
cj'f  -  Set  volume  decrement,  AV^j. 

%06  "  instructor's  leak  switch  indicator  to  OFF. 

c'70  -  Set  quantity  decrement  for  reservoir,  -AQ^. 

c'yy  “  Set  quantity  and  volume  decrements  to  zero:  AVm  •  A(^  ■  0. 

G»  Subroutine  VII, 

Subroutine  VII  con5)utes  the  quantity  of  fluid  available  and  sets 
the  quantity  gage  when  present.  It  includes  the  simulation  of  a 
replenishing  system,  as  shown  in  Figure  C-7,  the  flow  diagram. 
Operations  are  defined  below. 


Figure  C-7  -  Subroutine  VII  for  Hydraulic  System  Simulation 
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d^6  ~  Is  replenishing  system  operating?  (test  q^). 

0^5  -  Set  quantity  increment ,  AQ. 

c;*g  -  Add  quantity  increments  or  decremeirts,  AQ  -  AQn. 
c'^  -  Set  quantity  increment  to  zero  (AQ  ■  0). 

-  Is  a  fluid  quantity  indicator  present?  (test  r2). 

(#52  -  Output  to  fluid  quantity  indicator. 

H»  Subroutine  VIII. 

The  distribution  of  pump  (xitput  volume  to  the  accumulators 
associated  with  the  pump  is  computed  in  Subroutine  VIII.  An 
accumulator  Indexer  or  counter  is  also  present;  system  pressure 
is  calculated  as  a  function  of  fluid  volume  and  maintained  less 
than  or  equal  to  a  i)reset  maximum*  The  flow  chart  is  given  in 
Figure  C-8;  the  operations  are'definbd  belar. 


Figure  C-8  -  Subroutine  VIII  for  Rjrdraulic  System  Simulation 

-  Divide  AVw  by  the  number  of  accumulators  associated 
^  with  the  p'th  pump  of  the  tydraullc  system;  denote 

this  result  by  AVjm, 

-  The  volume  of  fluid  in  the  accumulator  is  given 
by 

"  ^i-l,j»k,t,m,p  -  A^m  ♦  ^kp. 

I.  Subroutine  IX. 

Subroutine  IX  computes  the  accumulator  pressure  associated  with 
the  system  and  loads  being  simulated.  A  pressure  relief  valve  is 
also  simulated.  The  subroutine  flew  chart  is  given  in  Figure  C-9; 
the  operations  are  defined  below. 
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Figure  C-9  -  Subroutine  IX  for  P^ydraulic  System  Simulation 


c*0o  “  Compute  acciimulator  and  system  pressure.  The  volume  of 
the  accumulator  of  the  p'^h  pump  of  the  hydraulic 
system  is  denoted  by  (These  values  are  given 

in  the  aircraft  maintenance  handbook.  The  precharged 
accumulator  has  an  air  pressure  Pa,j,k,p*)  Boyles* 
law  can  now  be  applied  to  yield  the  accumulator  and 
system  pressure: 


0^9 

"56 


^  ^  (Va,j,k,p)  (Pa,j,k,p) _ 

h,i,j,k,l+l,m,p  Va,j,k,p  -  Vij,k,|,m,p  +  /^Vs,3,k,;^-1, 

V  At 

where  AVs  i  j  kjl+ljp/At  is  the  volume  rate  requirement  of 
the  (1+1)  ^^h* subsystem  load,  and  ts  is  the  simulation 
cycle  time.  The  indicated  product  is  computed  in 
Subroutine  XVI. 

Is  the  system  pressure  greater  than  a  preset  maximum? 

This  maximum  system  pressure  is  given  by  the  maintenance 
handbook. 

Set  system  pressure  to  maximum. 

Store  Vij^k,J,m,p  ^|~^^3,i,j,k,|+l,pj  Vi,J,k,|+l,m,p  . 
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J.  Subroutine  X. 


Subroutine  X  determines  whether  there  is  a  pump-pressure  indicator 
and,  if  so,  sets  it  to  the  pump  pressure  value.  A  selector  switch 
is  simulated  so  that  all  pump  pressures  can  be  read  on  a  single 
indicator.  An  instructor  indicator  fail  is  also  incorporated. 

The  flow  is  diagrammed  in  Figure  C-10,  and  the  operations  are 
defined  below. 


Figure  C-10  -  Subroutine  X  for  Hydraulic  System  Simulation 
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^75 

h^2 

^*50 


d57 

sdU 

*66 

®67 


^53 

°7U 


^2 

®69 

C70 


Is  a  ptimp-pressure  indicator  present?  (In  future  *P,* 

•I,"  and  “d*  decisions  and  "f'^-type  branches,  testing 
of  the  proper  control  word  digits  is  implied.) 

Has  a  subsystem  load  been  conqputed  corresponding  to 
this  accushilator? 

Is  instructor's  pump  indicator  fail  switch  on? 

Set  instructor's  pump  indicator  fail  switch  indicator 
to 

Is  puiQ)  pressure  less  than  preset  minimum?  At  this 
point  in  the  simulation  (before  loads  are  simulated), 
the  puB^)  pressure  is  equal  to  the  corresponding  accumulator 
pressure  unless  it  has  been  failed  by  the  instructor. 

Is  d-c  electrical  power  available  for  indicator  operation. 
Set  NO  D-C  for  output  to  indicator.  (Store.) 

Set  RW  for  output  to  indicator.  (Store.) 

Set  Orf  for  output  to  indicator.  (Store.) 

NOTE 

°66>  %7  to  the  particular  pump  being 

simulated.  Each  punp  has  its  own  storage  for  output 
to  indicator. 

Is  pump  pressure  selector  set  on  ALL? 

Is  pump  pressure  selector  set  to  TBKe  pump  being  simulated? 
Set  instructor's  pump-pressure  selector  indicator. 

Set  pun5)-pressure  indicator  to  last  simulated  pump 
output  storage. 

Is  any  pump  output  storage  set  to  NO  D-C? 

Set  pump  pressure  indicator  to  NO  IPCT 
Is  any  pump  output  storage  set  to  LOtiy? 

Set  pump-pressure  indicator  to  LOW. 

Set  pump-pressure  indicator  to  TSFT 


K.  Subroutine  XI . 


Subroutine  XI  sets  the  accumulator  pressiire  gage,  if  present. 

The  flow  is  shown  in  Figure  C-11,  and  the  operations  are  defined 
below. 
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Figure  C-11  -  Subroutine  XI  for  EQrdraulic  System  Simulation 

f^^  -  Is  accumulator  pressure  gage  present? 

83^  Store  output  to  accumulator  pressure  gage. 

L.  Subroutine  XII . 


The  low-pressure  switches  and  warning  lights^  when  present  in 
the  hydraulic  system^  are  simulated  in  Subroutine  XIX.  This 
subroutine  con^tes  the  status  of  any  automatic  lov-pressTire 
control.  The  operations  are  defined  below. 


Figure  C-12  -  Subroutine  HI  for  Hjrdraxilic  Siystem  Simulation 
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%8 

^52 

hlOi; 

®89 


hlOU 


^60 

°87 

°88 

°89 


Is  a  lew-pressure  switch  present? 

Is  instructor’s  low-pressure  switch  fail  on? 

Set  instructor’s  low-pressure  switch  fail  indicator 
to  ON. 

Is  THe  switch  output  to  an  indicator  light? 

Is  pilot's  low-pressure  switch  on? 

Set  switch  or  light  to  OFF.  If  a  switch  is  present  that 
starts  the  emergency  p\amp,  this  operation  (also  039) 
sets  the  control-word  digit  corresponding  to  How¬ 

ever,  a  distinction  between  this  and  the  pilot's  switch 
setting  of  the  control  word  digit  must  be  made  by  the 
P^^  test. 

Set  instructor's  low-pressure  switch  fail  indicator  to 
OFF. 

Is  system  pressure  less  than  a  preset  low? 

Is  a-c  electrical  power  needed? 

Is  a-c  electrical  power  available? 

Is  d-c  electrical  power  needed? 

Is  d-c  electrical  power  available? 

Set  subroutine  output  for  switch. 

Set  subroutine  output  for  light. 

Set  switch  or  light  to  ON. 


M.  Subroutine  XIII. 


Subroutine  XIII  determines  whether  a  main  system  pressure  selector 
is  present  and,  if  so,  determines  its  status.  If  the  proper  con¬ 
ditions  are  met,  the  system  pressure  indicator  will  be  set.  The 
instructor  can  fail  the  indicator  directly  or  fail  the  circuit 
breaker  controlling  electrical  power  to  the  indicator.  Figure  C-13 
is  the  subroutine  flow  chart,  the  functions  for  which  are  defined 
below. 
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Figure  C-13  -  Subroutine  XIII  for  Hydraulic  System  Simulation 
Is  a  pressure  gage  selector  present? 

Is  pilot’s  pressiire  gage  selector  set  to  the  system? 
Set  instructor's  indicator  associated  with  to  ON. 

Is  instructor's  pressure  gage  fail  switch  on? 

Is  instructor's  circuit  breaker  fail  on? 

Set  instructor's  indicator  associated  with  P^e  to  ON. 

Set  pilot's  circuit  breaker  (or  breakers)  to^OFF. 

Is  a-c  electrical  power  needed  for  gage  or  transmitter? 
Is  pilot's  a-c  circuit  breaker  on? 

Set  instructor's  indicator  associated  with 
Is  d-c  electrical  power  needed  for  gage  or  transmitter? 
Is  pilot's  d-c  circuit  breaker  on? 

Set  instructor's  indicator  associated  with  I^^  to  ON. 
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h57 

C93 

d63 

^61: 

°90 


Set  instructor’s  indicator  associated  with  P^q  "to  CN» 
Set  gage  to  system  pressure. 

Is  a-c  electrical  power  available? 

Is  d-c  electrical  power  available? 

Set  pressure  gage  inoperative. 


N .  Subroutine  XIV  . 


Both  manual  (pilot  controlled)  and  automatic  priority  valves  are 
simulated  in  Subroutine  XIV.  This  subroutine  can  modify  the  order 
or  number  of  loads  that  can  be  simulated  for  each  hydraulic  system. 
The  flow  is  charted  in  Figure  C-lli,  while  the  operations  are 
defined  below. 


Figure  G-ll;  -  Subroutine  XIV  for  Hydraulic  SFS’tem  Simulation 


1>61 


Is  a  priority  valve  closed?  This  function  includes 
tests  of  pressinre  and  pilot  switch  controlling  priority 
valve . 

Set  modified  subsystem  control  word. 

Is  simulation  in  steady-rate  condition? 


0.  Subroutine  XV. 


Subroutine  XV  determines  which  loads  are  associated  with  the  k'th 
hydraulic  system  and  the  accnimulator.  The  operations  of  this 
aibroutine,  which  is  shown  in  Figure  C-15,  are  defined  below. 


-90- 


TECHNICAL  REPCRT:  NAVTRADE7CE1I  772 


GHl-10017 


Figure  G->1^  r-  Subroutine  XF  for  Hydraulic  System  Simulation 

OyQ  -  Increase  the  subsystem  index  >  /  ,  to/4-1.  A  control 

word  similar  to  the  third  control  word  of  the  pneumatic 
system  could  be  used  for  each  hydraulic  accumulator* 
b^^  -  Haye  all  subsystems  of  this  system  accumulator  been 

simulated?  Test  index  or  a  special  digit  of  the  con-> 
trol  word. 

-  Set  b^tf  Subroutine  X  to  no, 

^1$2  "  Subroutine  X  to  yes. 

c^^3  -  Reset  subsystem  index. 

P.  Subroutine  X?!  . 

Subroutine  X7I  simulates  the  hydraulic  subsystems  and  includes 
multiple  actuator  computations.  The  flow  chart  is  shewn  in 
Figure  C-l6j  the  operations  are  defined  below. 
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Fifure  C-16  -  Subroutine  X7I  for  Hydraulic  System  Simulation 


b7i 

■^155 

^59 

352 

®51 

C156 

^62 

‘^lOl 


Is  Vi,j,k,J,m,p>  (AVs  j,k,jl+l,p)  ^Vts?  The  subsystem 
loads  are  volume  rate  decrements  piven  in  the  aircraft 
manufacturer's  hydraulic  systems  report. 

Set  control-word  digit  of  (JJ+l)"*"^  subsystem  to  indicate 
hydraulic  power  is  available. 

Set  control-word  digit  of  (Jj+l)'^^  subsystem  to  indicate 
hydraulic  power  is  unavailable. 

Used  with  subsystem  indexer.  Is  (J?+l)'*'^  subsystem  con¬ 
trol  valve  open? 

Store  (AVs^ j  jlc,|+l,p)  ts/At  for  Subroutine  IX. 

Store  (AVs  jjk,Jl+l,p)  ts/At  =  0  for  Subroutine  IX. 

Sum  loads  (volume;  for  all  subsystems  of  jth  accumulator. 
Is  the  (jl+l)th  subsystem  powered  by  more  than  one 
hydraulic  system  accumulator? 

Modify  the  (j|+l)th  subsvstem  requirements.  This  operation 
proportions  the  total  (JJ+l)th  load  according  to  the 
number  of  actuators  being  powered,  and  stores  this  value 
for  Subroutine  IX. 
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NOTE 

It  is  assTuned  that  ccmpatatlon  cycle  time  vlll  be  feet 
enough  to  permit  one  pass  through  Subroutine  VIII  for 
each  acctumilator  associated  with  a  given  puqp.  If 
sufficient  continuity  is  not  obtained,  it  may  be 
necessary  to  perform  operation  c^^  for  each  subsystem. 
This  will  necessitate  modlficatlm  of  AVjc  according 
to  the  computation  tine  between  subsystem . 

Q.  Subroutine  3CyiI. 

Subroutine  XVII  tests  for  the  end  of  accumulator,  pump,  and 
system  loops.  Figure  C-17  presents  the  flow  chart  and  the 
operations  are  defined  below. 


Figure  C-17  -  Subroutine  XVII  for  I^raulic  System  Simulation 
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^63 


069 

°160 

^6U 

052 

0161 

^65 


Have  all  accumulators  of  the  system  and  pump 
been  simulated? 

Advance  accumulator  index,  j,  to  j+1. 

Reset  accumulator  index. 

Have  all  pumps  of  the  system  been  simulated? 
Advance  pump  index,  p,  to  p+1. 

Reset  pump  index. 

Have  all  hydraulic  systems  been  simulated? 

Advance  system  index,  k,  to  k+1. 

Is  simulation  in  steady-rate  condition? 


R.  Subroutine  XVIII. 


Subroutine  XVIII  (see  Figure  C-I8)  provides  the  computations  for 
steady-rate  simulation.  The  operations  are  defined  below. 


Figure  C-I8  -  Subroutine  XVIII  for  Hydraulic  System  Simulation 


0165 

C166 

^50 

0167 


Apply  with  proper  indexes. 

Apply  Equation  c-3  from  cdq,  with  (AVg  j  ^  p)  ts/At 
replaced  by  proper  s\uii  obtained  in  *  * 

Have  maximum  nxnnber  of  steady-rate  paMes  been  made? 
Counter;  add  one  each  pass. 
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SECTION  IX.  APPENDIX  D  -  ENGINE  CONTROL  SYSTEMS 


A .  Nomenclatvire . 


1.  Symbols. 


K 

m 

Algebraic  constant 

Q 

m 

Torque  with  respect  to  engine  rotor 

P 

m 

Presstire 

T 

M 

Ten^jerature 

Wf 

m 

Main  engine  fuel  flow 

Wfr 

m 

Afterburner  fuel  flow 

A  ^ 

m 

Area 

N 

m 

Engine  rotor  speed 

a 

m 

Throttle  position 

Subscripts  (for  engine  stations). 

2 

m 

Compressor  inlet 

3 

m 

Compressor  discharge 

5 

m 

Turbine  discharge 

8 

m 

Jet  nozzle  throat 

B 

m 

Burner 

X 

m 

2,  3,  or  B,  as  designated  in  text 

3 .  Lower-case  letters . 


Lower-case  letters  and  are  used  to  denote  "true"  con¬ 
ditions.  Each  aj^  and  are  defined  in  the  text;  for  exan^le, 
a^s  denotes  that  fuel  shutoff  valve  "A"  is  open,  and  a^ 
signifies  that  valve  "A"  is  closed. 

Lower-case  c  is  used  to  designate  a  computation  or  storing 
process;  for  example,  035  -  Np,^—  ■  fl(T2)  means:  evaluate 
Jfl(T2)  to  find  Nbmjy  ia  then  stored  permanently  or 

temporarily,  as  required  to  facilitate  later  computations 
involving  Np^. 

U.  Superacripts . 

Superscripts*,  **,  and***  are  used  to  denote  intermediate 
computations  used  in  evaluating  the  variable  to  which  the 
superscript  is  applied;  for  example,  a^  and  might 

be  used  in  determining  whether  a^  is  ^rue"  or  "false,"  or 
idiile  computing  respectively. 
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B,  Starting  Routine. 

The  starting  routine  has  been  divided  into  nine  subroutines, 
arranged  as  shcam  below  in  Figure  D-1. 


N 


Niithir 


Subroutine  I 
Engine  cleared  of 
excess  fuel?  Store 

I 

Subroutine  II 
Ground  or  airstart 
required?  Which  one  ? 

I  ai  r 

Subroutine  VI 
Electric  Power 
available  for  ignition? 

z 


N 


k>rnd 


Subroutine  VII 
Rotor  speed  within  limits 
prescribed  for  a jr  start? 

1  - 

Subroutine  VIII 

Ignition  “ON?" 


N 


From  Routine 

_l _ 


Is  engine  running  in 
self-sustaining  mode? 


N 

Is  engine 
stp.rt  scheduled? 


Subroutine  III 
Starter  energized? 
Store 


Subroutine  IV 
Compute  and  store 
starter  torque* 


Subroutine  V 
Rotor  speed  within 
limits  prescribed 
for  ground  start? 


Input  U" 


N 


N 


Subroutine  IX 

Compute  and  store 
enclne  “Rellte"  narameter. 

J 

Go  to  oil 

pressure  routine* 

_ J 

1 

Start  of  R  outine  C 

Figure  D-1  -  Starting  Routine 
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1.  Subroutine  I  -  Engine  Cleared  of  Excess  Fuel? 


Flight  handbooks  imply  that  the  aircraft  engine  be  cleared  of 
excess  fuel  to  increase  the  chances  of  obtaining  a  successful 
air  start  following  an  engine  flameout.  Motoring  procedures 
are  also  outlined  in  the  handbooks  so  that  the  pilot  can  clear 
the  engine  of  excess  fuel  when  emergencies,  such  as  evidence 
of  an  engine  fire  following  an  engine  shutdown,  arise  with 
the  aircraft  grounded. 

The  digital  simulation  routine  for  the  engine-clearing  pro¬ 
cedure  is  shown  in  Figure  D-2,  The  following  facts,  which 
are  related  to  this  and  subsequent  subroutines,  are  mentioned 
here  for  clarity. 

1.  If  the  instructor  does  not  intervene,  the 
student  pilot  must  clear  the  engine  of 
excess  fuel  to  start  the  engine.  This 
applies  to  ground  starts  as  well  as  to  air 
starts . 

2.  The  instructor  can  clear  the  engine  of  excess 
fuel  by  pressing  the  ENGINE  CLEAR  button  on 
his  console  when  he  deems  it  unnecessary  for 
the  pilot  to  follow  the  engine-clearing  pro¬ 
cedure  prior  to  starting  the  engine.  Of 
course,  the  ENGINE  CLEAR  button  should  not 

be  used  when  an  air  start  is  required  by 
the  pilot. 

3.  As  simulated  herein,  the  pilot  can  clear 
the  engine  of  excess  fuel  by  shutting  off 
the  engine  fuel  supply  while  a  preselected 
rotor  speed  is  obtained  either  by  wind¬ 
milling  or  by  using  the  engine  starter. 
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Figure  D-2  -  Subroutine  I  for  Clearing  Engine  of  Excess  Fuel 
The  operations  used  in  Figure  D-2  are  defined  below. 

-  Engine  flameout. 

a^2  “  Engine-start  detent  provided  on  throttle  quadrant. 

393  -  Fuel  tank  selector  switch  turned  to  OFF. 

-  ENG  PIE  CLEAR  button  depressed  by  instructor . 
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89^  -  where  is  the  miniraum  rotor  speed  at  which 

the  enpine  can  be  cleared. 
bx5  -  Throttle  set-to  OFF . 
b2^9  -  Enpine  cleared  of  excess  fuel. 

2.  Subroutine  II  -  Ground  or  Air  Start  Required?  Which  One? 


In  the  digital  simulation,  it  is  necessary  to  determine 
whether  or  not  the  engine  is  running,  and,  if  not,  whether  an 
air  start  or  a  ground  start  is  required.  In  addition,  the 
stage  to  which  a  ground  start  has  progressed  must  be 
established.  An  engine  relight  occurs  while  the  starter 
is  energized,  but  until  the  engine  rotor  speed  builds  up 
close  to  the  starter  cutoff  speed,  the  torque  developed  by 
the  engine  is  not  sufficient  for  s elf -sustained  operation. 

The  associated  conditions  can  be  expressed  in  Boolean 
algebra  form: 


®53 

t^io 


air  start  required j 

ground  start  required; 

ground  start  still  in  progress;  that  is, 

relight  achieved  but  starter  still  engaged;  and 

engine  inanning  under  self -sustained  power,  where 

engine  flame out, 

terrain  ground  clearance  greater  than  zero  feet,  and 
starter  energized,  » 


The  computational  flew  diagram  is  shown  in  Figure  D-3. 


Figure  D-3  -  Subroutine  II  of  Engine-Starting  Routine 
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3.  Subroutine  III  -  Starter  Energized? 


The  computational  flovf  diagram  for  establishing  whether  or 
not  the  starter  is  energized  is  shown  in  Figure  D-ii.  The 
diagram  is  self-explanatory  except  possibly  for  those  air¬ 
craft  in  which  a  starter  button  or  switch  is  not  provided. 

In  these  aircraft  the  starter  is  energized  by  moving  the 
throttle  into  the  start  detent  on  the  throttle  quadrant. 
Unless  the  throttle  is  moved  to  the  start  detent  before  it 
is  moved  to  some  other  position  on  the  quadrant,  the  starter 
^holding"  solenoid  will  not  be  energized.  This  produces  an 
indeterminant  form  when  the  throttle  is  neither  in  the  ”off" 
nor  •♦start**  positions.  This  indeterminant  form  is  circum¬ 
vented  in  the  digital  simulation  by  the  use  of  b^Q*  The 
operations  are  defined  below. 


From 

Subroutine  II 


Figure  D-U  -  Subroutine  III  of  Engine-Starting  Routine 
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bj  -  Starter  button  or  witch  provided  on  aircraft. 

-  Starter  button  set  to  ON. 

b0  -  GTC  or  APP  power  availSEle  for  actuating  starter, 
b^  -  Throttle  at  START. 
bj^Q  -  Starter  energized. 

bn  -  N>K2«  where  K2  rp“  rotor  at  which  starter 

autcmatically  disengages. 
bi5  -  Throttle  set  to  OFF. 

U»  Subroutine  IV  -  CoB^utation  of  Starter  Torque. 

Regardless  of  the  -type  of  aircraft  starter  employed  -  pneumatic, 
air  turbine,  hot  gas  (combustion),  etc.  -  the  torque  applied 
to  the  engine  rotor  through  the  starter  drive  can  be  expressed 
as  a  function  of  engine  rotor  speed.  Of  course,  when  the 
starter  is  not  energized,  the  torque  output  with  respect  to 
the  engine  rotor  is  reduced  to  zero. 

The  computational  flow  diagram  for  Subroutine  IV  is  shown 
in  Figure  D-5;  the  operations  are  defined  below. 


From 

SubroutizM  111 


Figure  D-5  ~  Subroutine  17  for  Computing  Starter  Torque 

b]^Q  -  Starter  energized. 

Cq^  -  Compute  and  store  Qstsrter  “  ^l(N)» 

C2  -  Store  Qgtarter  “ 
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5.  Subroutine  V  -  Rotor  Speed  Within  Limits  Prescribed  for  Ground 


Flight  handbooks  stipulate  a  particular  rotor  speed  at  which 
to  t\im  on  the  aircraft  ignition  while  executing  ground  starts. 
This  stipulation  is  to  ensure  that  the  ratio  of  engine  air 
flow  to  engine  fuel  flow  near  the  stipulated  rotor  speed  is 
optimum  for  successful  ground  starts.  A  band  of  rotor  speeds 
conducive  to  successful  ground  starts  is  provided  for  in  the 
digital  simulation.  Unless  the  rotor  speed  falls  within  the 
preselected  minimum  and  maximum  rotor  speed  limits  when  the 
pilot  turns  on  the  ignition,  all  ground  start  attempts  will 
result  in  failure.  The  computational  flow  diagram  for 
determining  whether  the  rotor  speed  is  within  these  limits 
is  ^own  in  Figure  D-6,  and  the  operations  are  defined  belcw. 


Figure  D-6  -  Subroutine  V  for  Determining  Rotor  Speed 

b-j^y  -  N>K3,  where  K3  is  the  minimum  rotor  speed  at  which 
an  engine  relight  can  be  achieved  during  ground 
start  attempts. 

bj^g  -  N<K^,  where  is  the  maximum  rotor  speed  at  which 
an  engine  relight  can  be  achieved  during  ground 
start  attempts. 
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6.  Subroutin®  VI  -  Electric  Poirer  Supplied  to  Engine  Ignition 

— TArfstefi'eTy -  - - 

Air  starts  cannot  be  achieved  unless  electric  power  is 
supplied  to  the  ignition  system.  Obviously,  the  GTC  employed 
for  ground  start  cannot  be  utilized}  the  poirer  source  must 
be  internal  to  the  aircraft.  The  digital  routine  shoim  in 
Figure  D-7  will  prevent  an  air  start  from  being  achieved 
for  either  of  two  reasons: 

1.  Electric  power  is  not  available  for  energizing 
the  ignition 

2.  The  ignition  system  is  inoperative  because  the 
GTC  is  disconnected  and  the  emergency  procedure 
for  •linking’*  the  ignition  system  with  an  inter¬ 
nal  aircraft  power  source  has  not  been  executed 
by  the  pilot. 


Figure  D-7  -  Subroutine  VI  to  Ascertain  Availability 
of  Electric  Power 

The  operations  are  defined  below. 

bj^  -  Ignition  system  controlled  by  starter  relay. 
b2  -  Bnergency  ignition  switch  turned  to  ON. 
b||^2  ^  Elsctrlc  pwer,  generated  internal  to  the  aircraft, 
is  available  for  operating  the  ignition  system. 
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7.  Subroutine  VII  -  Rotor  Speed  within  Limits  Prescribed  for 
gtari. 


Subroutine  VII  is  essentially  the  same  as  Subroutine  V, 
except  it  applies  to  air  starts  rather  than  ground  starts. 
Consequently,  the  rotor  speed  limits  employed  in  the  two 
subroutines  are  not  necessarily  the  same.  The  computational 
flow  diagram  for  Subroutine  VII  is  given  in  Figure  D-8,  and 
the  operations  are  defined  below. 


Figure  D-8  -  Subroutine  VII  to  Ascertain  Rotor  Speed 

b^]^  -  N>K^,  where  is  the  minimum  rotor  speed  at  which 

an  engine  relight  can  be  achieved  during  air  start 
attempts . 

^1*5  ”  ^  ^5  is  the  maximum  rotor  speed  at  which 

an  engine  relight  can  be  achieved  during  air  start 
attempts . 
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8.  Subroutine  VIII  -  Ignition  On? 


As  a  result  of  the  course  of  events  leading  up  to  Subroutine 
VIII,  the  ignitors  within  the  engine  combustion  chambers  will 
’’fire'’  if; 


1.  The  ignition  system  has  not  been  failed  by 
the  instructor 

2.  The  throttle  is  positioned  other  than  in  the 
’’off  position 

3.  The  ignition  button,  if  provided,  is  held  in 
the  ’’on"  position  by  the  pilot 

The  computational  flow  diagram  for  Subroutine  VIII  is  shown 
in  Figure  D-9,  and  the  operations  are  defined  belcw. 


Figure  D-9  -  Subroutine  VIII  to  Ascertain  if 
Ignition  Is  On 

b^j  -  Ignition  system  failed  by  instructor. 
bi5  -  Throttle  in  off  position, 
b^  -  Ignition  button  provided  on  aircraft, 
b^  -  Ignition  button  in  on  position. 
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9*  Sttbroatlne  IX  -  Engine  Relight  Parameter. 

In  the  slaulatlon  performed  during  Subroutine  IX,  it  is 
Intended  that,  once  the  engine  haa  been  abut  doim  or  the 
engine  haa  flamed  out,  an  engine  relight  can  be  obtained 
only  if: 

1.  The  engine  ia  cleared  of  excess  fhel  before 
the  ignition  is  turned  •on'* 

2.  The  following  events  occur  simultaneously: 

a.  The  engine  speed  is  within  the  pre¬ 
scribed  limits  for  an  air  or  ground 
start 

b.  The  ignition  is  "on** 

c.  The  engine  fuel  flow  is  neither  less 
than  the  minimum  scheduled  fuel  flow 
limit  nor  greater  than  the  maximum 
scheduled  fuel  flew  limit 

Except  for  item  2,c,  above,  which  is  determined  in  a  subse¬ 
quent  subroutine,  the  above  conditions  can  be  true  only  when 
the  computational  flow  of  infonaation  leads  from  Subroutine 
VIII  to  *»B**  of  Subroutine  IX,  and  the  value  of  bj^^  stored 
in  Subroutine  I  indicates  that  the  engine  has  been  cleared 
of  excess  fuel. 

The  engine  relight  parameter,  used  in  a  later  subroutine, 
denotes  whether  or  not  a  relight  will  occur  if  the  proper 
amount  of  fuel  is  supplied  to  the  engine.  The  computational 
flow  diagram  for  the  generation  of  the  relight  parameter, 
b2o>  is  shown  in  Figure  D-10.  The  operations  are  defined 
below. 
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Input  "A"  Input  “B" 


Figure  D-10  -  Subroutine  IX  for  Engine  Relight  Parameter 
bj^j  -  Engine  cleared  of  excess  fuel 

b2Q  -  Relight  occurs,  provided  the  proper  amount  of  fuel 
is  supplied  to  the  engine;  b2o  implies  either  that 
the  engine  is  running  or  that  a  relight  is  Impossible. 
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C.  Oil  Pressure  Routine 


In  the  digital  simulation,  engine  oil  pressure  is  generated  as 
a  function  of  engine  speed.  Provision  is  made  for  the  instructor 
to  effect  either  a  total  or  partial  pressure  loss  so  that  it 
appears  to  the  pilot  as  if  a  malfunction  of  seme  form  has  occurred 
in  the  engine  oil  system.  During  such  an  occurrence,  the  engine 
speed  function  is  multiplied  by  an  appropriate  constant.  The 
computational  flow  diagram  is  shown  in  Figure  D-11,  and  the 
operations  are  defined  below. 


From 

% 

1 

*87 

*86 

_ 

Routine  B 

I' 

Cy 

1 _ 

*6 

_ 

f 

- 

To 

Routine  D 

- 

% 

°6 


°7 

*86 

*87 


Figure  D-11  -  Oil  Pressure  Routine 


^oil 

pOil 

^oil 


f2(N) 

P*oil 

Ky  %il  >  where  Ky  »  (^oil)  P*rtial  pressure  loss 


normal  operation 

0?i^system  malfunction  causing  partial  pressure  loss, 
as  instituted  by  instructor. 

Total  oil  pressure  loss  instituted  by  instructor. 
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D.  Extern»l  Rotor  Torque  Routine  . 

Rotor  torque  as  computed  in  this  routine  does  not  include  the 
torque  developed  as  a  result  of  any  thermodynamic  reactions 
occurring  in  the  engine.  It  refers  only  to  externally  and 
mechanically  applied  torque;  that  is,  the  torque  developed  by  the 
engine  starter,  and  the  torque  developed  by  a  ’’binding”  rotor. 

The  total  external  rotor  torque  computed  in  this  routine  will, 
when  added  to  the  torques  developed  by  the  engine  turbine  and 
compressor,  yield  the  total  amount  of  torque  applied  to  the 
engine  rotor. 

This  simulation  will  permit  the  instructor  to  institute  the 
effects  of  a  binding  engine  rotor  in  conjunction  with  an  oil 
system  malfunction.  Dtiring  such  an  event,  the  rotor  torque 
computed  in  this  routine  will  be  decreased  appreciably  so  that 
the  engine  speed  decreases  to  zero  at  a  rapid  rate.  Thus,  the 
engine  tachometer  and  oil  pressure  indicator  readings  will  indicate 
to  the  pilot  that  the  engine  malfunction  occurred  because  of 
faulty  engine  lubrication. 

The  computational  flow  diagram  for  determining  the  total  amount 
of  external  torque  applied  to  the  rotor  is  shewn  in  Figure  D-12, 
while  the  operations  are  defined  below. 


From 

II 

Routine  C 

■ 

*87 

N 

®8 

1 

1 

i 

1 

I 

BL 

To 

fioutina  E 

B 

1 

Si tart 

-  0 

Figure  D-12  -  External  Rotor  Torque  Routine 
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*5 

•86 


Is  start  flag  up? 

Oil  system  malfunction  causing  partial  pressure  loss,  as 
instituted  by  instructor. 

Total  oil  presstire  loss  instituted  by  instructor. 
Binding  rotor  effects  desired  by  instructor. 

*^starter  ^rotor  bind* 

=  0 

=  -  K8,  where  -Kg  is  the  rotor  torque  to 

for  a  binding  rotor. 


‘^otal  “ 
^otor  bind 

TTotor  bind 
be  assumed 


E.  Fuel  Available  At  Inputs  To  Engine  And  Afterburner  Fuel  Pumps?  Store 


Fuel  is  usually  supplied  to  the  engine  from  a  single  main  supply 
tank.  In  some  aircraft,  however,  twin  supply  tanks  are  provided, 
and  fuel  may  be  drawn  from  either  or  both  of  the  tanks.  Opening 
and  closing  the  fuel  tank  shutoff  valves  determines  from  which 
tank(s)  fuel  is  supplied.  The  shutoff  valves,  either  mechanically 
or  electrically  operated,  are  usually  controlled  by  a  fuel  selector 
switch  located  in  the  cockpit.  In  some  instances  where  only  a 
single  main  supply  tank  is  employed,  the  fuel  shutoff  valve  is 
controlled  directly  from  the  master  switch.  Fuel  becomes  available 
at  the  inputs  to  the  engine  and  afterburner  fuel  pumps  when  there 
is  fuel  in  at  least  one  of  the  main  supply  tanks  for  which  a  fuel 
flow  path  has  been  opened,  or  if  the  sjrstem  has  a  by-pass  delivery 
mode  and  if  that  mode  is  in  use.  Thus,  there  are  five  possible 
combinations  of  delivery  modes; 

1.  A  single  tank  serving  a  single  engine  (or  a  set  of 
two  engines) 

2.  Two  tanks  serving  a  single  engine 

3.  A  single  tank  serving  two  engines  (or  two  sets) 

U.  Two  tanks  serving  two  engines 

^ .  By-pass  mode 

The  delivery  mode  in  use  and  the  condition  of  the  flow  paths  must 
be  ascertained.  In  addition,  the  available  flow  rate  to  the 
engine  fuel  pumps  must  be  determined.  The  following  conditions 
must  be  observed  in  the  interest  of  computational  efficiency. 


1.  The  by-pass  mode  is  used  only  when  the  service  tank 
shutoff  valves  are  closed,  and  it  cannot  be  used 
with  the  cross-feed  option. 

2.  If  a  service  tank  is  operating  in  a  gravity  mode,  it 
cannot  be  cross-fed  to  a  pressurized  fuel  line. 
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The  digital  routine  used  to  determine  that  fuel  is  available  at 
the  engine  fuel  pumps  is  shown  in  the  routine  of  Figure  D-13. 
The  STibrou tines  are  shown  in  Figures  D-lli  and  D-l^,  and  the 
operations  are  defined  below. 


Figure  D-13  -  Fuel  Available  Routine 
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FROM  SUBROUNTINE  II 


TO  ROUTINE  F 


Fipure  D-15  -  Subroutine  III  of  Fuel  Available  Routine 
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^18 

^91 


®92 

®93 

^9h 

®96 


®97 

®98 


®99 

aiOO 


®101 
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^103 

^109 

^106 

^109 


®110 


®111 

3112 


3113 

®im 

®115 

«116 

^70 

b^2 

b73 

^75 

^76 


^79 

^80 

t>8l 


Fuel  is  available  at  engine  fuel  pumps. 

Store  fuel  flow  path  as  AEj  go  to  a]_QQ. 

Store  "no  fuel  flow;"  go  to  a^oo* 

Store  fuel  flow  path  as  CE;  go  to  a^oo* 

Store  fuel  flow  path  as  UDF;  go  to  a^QO* 

Store  fuel  flow  path  as  BDE;  go  to  a]_QQ. 

Store  fuel  flow  path  as  BF  +  BDE;  go  to  a]_QQ, 

Store  fuel  flow  path  as  AE  +  ADF. 

Store  fuel  flow  path  as  BF. 

Store  fuel  flow  path  as  AE  +  BF. 

Is  tank  1  selected  to  supply  fuel? 

Store  fuel  flow  path  as  AE  +  BDF. 

Store  fuel  flow  path  as  AF  +  BF  +  ADF  +  BDE. 

Store  fuel  flow  path  as  BF  +  ADF. 

Store  fuel  flow  path  as  GF. 

Store  fuel  flow  path  as  GF  +  CE. 

Use  double  piimp  element  transfer  function  for  flow 
leaving  tank  1. 

Use  single  pump  element  transfer  function  for  flow 
leaving  tank  1. 

Use  emergency  low-speed  transfer  function  for  flow 
leaving  tank  1. 

Use  gravity-flow  transfer  function  for  flow  leaving 
tank  1. 

Use  double-pump  element  transfer  function  for  flow 
leaving  tank  2. 

Use  single-pump  element  transfer  function  for  flow 
leaving  tank  2, 

Use  low-speed  element  transfer  function  for  flow 
leaving  tank  2. 

Use  gravity-flow  transfer  function  for  flow  leaving 
tank  2. 

Are  there  two  seinrice  tanks? 

Are  the  shutoff  valves  electrically  operated? 

Is  shutoff  valve  power  available? 

Is  there  a  service  tank  selector  switch? 

Store,  shutoff  valves  controlled  by  engine  master  switch. 
Is  engine  master  1  on? 

Is  engine  master  2  on? 

Is  shutoff  valve  A  open? 

Is  shutoff  valve  E  open? 

Is  there  a  by-p«ss  mode? 

Is  by-pass  mode  is  use? 

Is  selector  switch  in  A? 
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^82 

^83 

b8U 

J85 

^86 

J87 

J88 

^89 

°90 

b^i 

^92 

b93 

?9U 

^96 

^97 

^98 

^99 

DlOO 
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^102 

ho3 

JjlOU 

^105 

^06 

h07 

^08 

Jl09 

hio 

hll 

^112 

5113 

hiu 

?116 

hl7 

^8 

^19 

^0 

bi2i 

bi22 

bi23 

^2U 


Engine  master  switch  on. 

Is  shutoff  valve  open? 

Is  shutoff  valve  B  open? 

Is  shutoff  valve  F  open? 

Is  engine  master  3  on? 

Is  engine  master  U  on? 

Is  selector  switch  In  B? 

Is  selector  switch  In  both? 

Is  cross-feed  valve  D  open? 

Is  by-pass  valve  C  open? 

Is  ly-pass  valve  G  open? 

Does  tank  1  contain  fuel? 

Is  high-speed  boost  pump  power  available? 

Are  both  high-speed  pump  elements  operative? 

Is  one  high-speed  boost  p\imp  element  operative? 

Is  emergency  low-speed  power  available? 

Is  emergency  low-speed  punqj  operative? 

Is  emergency  low-speed  mode  In  use? 

Is  there  a  gravity  mode  available? 

Is  g  vector  positive? 

Store:  no  fuel  leaving  tank  1. 

Is  tank  2  selected  to  supply  fuel? 

Does  tank  2  contain  fuel? 

Is  high-speed  pump  power  available? 

Are  both  high-speed  pump  elements  operative? 

Is  one  high-speed  pump  element  operative? 

Is  emergency  low-speed  power  available? 

Is  emergency  low-speed  pump  in  use? 

Is  there  a  gravity  mode  available? 

Is  g  vector  positive? 

Store:  no  fuel  leaving  tank  2. 

Is  fuel  leaving  tank  1? 

Is  fuel  leaving  tank  2? 

Is  the  by-pass  mode  in  use? 

Is  the  by-pass  mode  selected  to  supply  fuel? 

Is  there  fuel  in  at  least  one  tank  supplying  the  by-pass 
line? 

Store:  use  the  by“P*ss  transfer  function  for  fuel  flow. 
Store:  use  the  transfer  function  stored  previously  for 
tank  2. 

Is  fuel  flowing  from  tank  2? 

Store:  use  the  transfer  function  stored  previously  for 
tank  1. 

Combine  the  stored  transfer  functions  for  tanks  1  and  2. 
Store  the  combined  transfer  functions  for  fuel  flow. 

Is  fuel  available  at  the  Inputs  to  the  engine  fuel  puaqos. 
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F.  Compute  and  Store  Effective  Fuel  Pressure. 

The  fuel  floir  capable  of  being  delivered  by  the  main  engine  and 
afterburner  fuel  pumps  normally  exceeds  the  fuel  demands  established 
by  the  main  engine  and  afterburner  fuel  control  units.  However, 
fuel-tank  booster  pump  failures  can  reduce  the  flow  rate  output 
of  the  engine  and  afterburner  fuel  pumps  below  the  output  demanded 
for  normal  engine  and  afterburner  operation;  and  an  empty  fpel- 
supply  tank  selected  by  reason  of  pilot  error  will  result  in 
stopping  the  flow  of  fbel  entirely.  It  is  necessary  to  establish 
the  effective  fuel  pressure,  P^eg,  being  maintained,  with  respect 
to  the  engine  and  afterburner  fuel  control  units,  so  that  the 
maximum  flow  rate  available  can  be  ascertained.  In  a  later  sub¬ 
routine,  the  available  and  demanded  flow  rates  are  compared  to 
establish  the  actual  rate  at  which  fuel  is  being  metered  to  the 
fuel  nozzles  and  afterburner  spray  bars.  The  computational  flow 
diagram  for  determining  the  effective  fuel  pressure  is  shown  in 
Figure  D-l6. 


From 

Roatine  E 


Figure  D-l6  -  Effective  Fuel  Pressure  Routine 
®10  "  ^eff  “ 

®13  *■  combined  engine  fuel  transfer  function. 

«U*  -  Store  Peff. 

a-g  -  Fuel  is  available  at  engine  fuel  punq). 
c^Q  -  Combine  the  engine  transfer  fimction  from  Routine  E 
with  the  engine  fuel  pump  transfer  function. 

Cti  -  Use  Wf/  to  compute  Pg  from  the  combined  engine  transfer 
functidnT  '' 

ci2  -  Compute  -  Pj.gg  . 
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G.  Bnergency  Afterburner  Modulation  System  On?  Store. 


Some  aircraft  are  equipped  with  an  emergency  afterburner  modulation 
system  that  permits  afterburner  light-off  in  the  military  sector 
of  the  throttle  quadrant  and  allows  modulation  to  landing  power 
range.  This  emergency  feature  is  provided  when  the  normal  thrust 
output  of  the  engine  is  not  sufficient  to  maintain  flight  in  the 
landing  configuration  when  or  if  the  jet  nozzle  fails  in  the  open 
position. 

When  the  emergency  modulation  system  is  turned  "on,'!  the  after¬ 
burner  demand  switch  is  electrically  by-passed;  the  acceleration 
bleed  valves  are  de-energized  in  the  open  position;  the  inlet 
guide  vanes  are  de-energized  in  the  closed  position;  the  exhaust 
nozzle  override  is  energized,  causing  the  nozzle  to  open  if  it 
is  not  already  fully  open;  the  normal  fuel  schedule  for  the 
afterburner  is  modified  to  prevent  a  lean  mixture  blowout  at 
decreased  throttle  settings;  and  the  normal  fuel  schedule  for 
the  engine  is  modified  to  prevent  stagnation  at  decreased  engine 
speeds.  The  necessity  for  establishing  whether  or  not  the 
emergency  afterburner  modulation  system  is  in  use  is  obvious; 
the  computational  flow  diagram  is  shown  in  Figure  D-17  and  the 
operations  are  defined  below. 


Figure  D-17  -  Emergency  Afterburner  Modulation  System  Routine 


-117- 


TECHNICAl  REPORT*  NAVTRADEVCEN  772 


GER-10017 


-  Engine  equipped  with  an  emergency  afterburner  modulation 
system. 

8^9  -  Ehergency  afterburner  modulation  switch  in  ON  position. 

aj^Q  -  ihergency  afterburner  modulation  system  failed  by  instructor. 

Set'  -  Electric  power  available  for  operating  afterburner  fuel 
control  system. 

a^^  -  Emergency  afterburner  modulation  system  is  in  operation. 

a^g  -  Emergency  modulation  system  is  deactivated  by  electrical 

power  failure. 

H.  Fuel  Available  at  Input  to  Main  Engine  Fuel  Control  Unit?  Store, 


Depending  on  the  particular  aircraft,  fuel  to  the  main  engine 
fuel  control  system  is  supplied  from  either  a  dual-stage 
engine-driven  fuel  pump  or  from  two  engine-driven  fbel  pumps 
operating  in  parallel.  This  duplication  ensures  that  adequate 
fuel  will  be  supplied  to  the  engine  in  case  a  fuel  pump  fails. 

For  the  dual-stage  engine-driven  fuel  pump,  the  emergency  stage 
is  normally  employed  to  supply  fuel  to  the  afterburner  fuel 
control  unit.  V^hen  the  main  engine  stage  fails,  the  flow  of 
fuel  from  the  emergency  afterburner  stage  to  the  afterburner  fuel 


control  unit  is  reduced  until  an  adequate  supply  of  fuel  is  being 


by-passed  to  the  main  engine  fuel  control  unit.  This  changeover 
is  accomplished  automatically. 


The  routine  for  determining  whether  fuel  is  available  at  the  input 
to  the  main  engine  fuel  control  unit  is  shewn  in  Figure  D-18. 

The  routine  for  establishing  whether  or  not  fuel  is  available  at 
the  inputs  to  the  engine-driven  fuel  pumps  was  discussed  in  item 
E,  above.  The  operations  involved  in  this  routine  are  defined 
below. 
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Routine  G 
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*20 

®21 

322 

323 

®76 


Figure  D-18  -  Routine  for  Fuel  Availability  at  Input 
to  Main  Engine  Control  Unit 

-  Fuel  available  at  inlets  to  engine  and  afterburner  fuel 
pumps. 

-  Afterburner  fuel  pump  is  separate  from  engine  emergency 
fuel  pump. 

-  Failure  of  afterburner  fuel  pump  (or  afterburner  stage) 
by  instructor. 

-  Failure  of  engine  fuel  pump  no.  1  (or  engine  stage)  by 
instructor. 

-  Failure  of  engine  fuel  pump  no.  2  by  instructor. 

-  Fuel  available  at  input  to  main  engine  fuel  control  unit. 
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I.  Engine  Fuel  Flow  Routine. 

From  the  engine-driven  fuel  pumps,  fuel  is  pumped  to  the  main 
fuel-control  unit  where  it  is  metered  in  the  proper  quantities 
to  the  fuel  nozzles  of  the  engine  combustor.  The  main  fuel 
control  unit  can  be  viewed  as  having  a  fuel-metering  system  and 
a  computing  system  that  together  control  engine  fuel  flow  during 
engine  starting,  acceleration,  deceleration,  and  steady-state 
operation.  The  metering  system  selects  fuel  flow  to  be  supplied 
to  the  engine  burners  in  accordance  with  the  amount  of  thinist 
demanded  by  the  particular  throttle  position  selected  by  the 
pilot;  but  this  flow  rate  is  subject  to  engine  operating  limitations 
scheduled  by  the  computing  system  as  it  monitors  various  operating 
parameters:  compressor-inlet  temperature,  compressor-inlet 
pressure,  compressor-discharge  pressure,  and  burner  pressure. 

The  computing  system  safe-guard  against  compressor  stall, 
flameout,  engine  overspeed,  and  pressures  and  temperatures  chat 
exceed  the  mechanical  limits  of  the  engine. 

In  case  the  normal  control  system  malfunctions,  main  engine  fuel 
flow  control  can  be  transferred  to  the  emergency  fuel  control 
system,  assuming  that  one  is  provided,  by  manually  operating  a 
switch  in  the  cockpit.  During  emergency  operation  of  the  fuel 
control  unit,  the  normal  compensation  of  fuel  flow  is  eliminated, 
and  the  pilot  must  control  fuel  flow  manually  with  the  throttle. 
Emergency  flow  is  altitude-compensated  up  to  approximately 
30,000  ft.  Above  this  altitude  the  pilot  must  manipulate  the 
throttle  to  maintain  constant  rpm;  the  throttle  must  be  moved 
slowly  and  smoothly  to  prevent  compressor  stall  during  acceleration 
and  a  flameout  during  deceleration. 

Actual  engine  fuel  flow  depends  not  only  upon  the  fuel  flow 
demand  established  by  the  engine  fuel  control  unit,  either  normal 
or  emergency,  but  also  up  on  the  amount  of  fuel  flow  that  can  be 
delivered  by  the  engine-driven  fuel  pumps.  That  is ,  during  a 
malfunction  that  affects  fuel  pump  delivery,  the  maximum  rate  at 
which  fuel  can  be  delivered  to  the  engine  may  not  be  sufficient 
to  meet  the  demand  established  by  the  fuel  control  unit.  In  the 
digital  simulation,  demanded  and  available  rates  of  flow  are 
compared  to  establish  the  actual  rate  at  which  fuel  is  being 
supplied  to  the  engine  burners. 

The  computation  flow  diagran  used  in  the  proposed  digital  simu¬ 
lation  is  shown  in  Figure  D-19;  the  individual  subroutines  are 
discussed  below. 
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Figure  D-19  -  Engine  Fuel  Flow  Routine 
1.  Subroutine  I  -  Compute  and  Store  Fuel  Schedule  Limits 


From  a  consideration  of  the  main  fuel  control  unit  described 
above,  the  fuel  schedule  limits  can  be  designated  to  form  a 
part  of  the  fuel  control  unit  computing  system.  The  minimum 
limit  essentially  ensures  that  enough  fuel  will  be  supplied 
to  the  engine  to  prevent  a  lean  fuel  air  mixture  flameout. 

The  maximum  limit  prevents  excessive  amounts  of  fuel  from 
being  8iq)plied  to  the  engine  burners,  therely  protecting 
against  compressor  stall  and  rich  flaneout.  The  fuel  schedtile 
limits  are  varied  with  the  engine  operating  parameters 
mentioned  earlier.  Since  these  parameters  are  not  monitored 
idien  the  emergency  fuel  control  emit  is  in  operation,  pro¬ 
tection  from  compressor  stall  and  flaneout  is  furnished  1y 
the  use  of  the  normal  fuel  control  unit  only. 
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The  computational  flow  diapram  used  in  the  digital  simulation 
is  shown  in  Figure  D-20.  Note  that  entry  into  this  routine 
occurs  only  -idien  it  is  established  in  Routine  H  that  fuel 
is  available  at  the  outputs  of  the  engine-driven  fuel  pumps. 
The  operations  are  defined  below. 


From 

Routine  H 


Figure  D-20  -  Subroutine  I  for  Fuel  Schedule  Limits 

a^Q  -  Either  compressor-discharge  pressure  of  burner 
pressure  is  used  in  establishing  the  maximum  and 


minimum  limits  for  fuel  flow  to  the  engine 

'^fmax 

Px 

■  f^  (N,  T2)  (aee  Note,  below). 

"w 

P2 

m  - , 

Px 

'^^max  P3 

°16 

P2 

■  -  X  — 
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^^min 

C17 

^2 

'^fmin 

C18 

Po 

-  ^3  (N) 

NOTE 

Depending  on  the  particular  aircraft,  vlll  be  Identical 
to  one  of  the  following  parameters:  compressor  Inlet  pressure, 
compressor  discharge  pressure,  or  burner  pressure.  However, 
the  digital  simulation  Includes  provisions  for  using  the 
burner  pressure  parameter  directly.  It  Is  Intended  that 
f(N,  T2)  be  modified  to  permit  the  substitution  of  Pj  for  Pj^ 

In  lieu,  of  Pg,  thereby  eliminating  the  need  to  use,  and  hence 
the  requirement  to  generate,  the  buivier  pressure  parameter 
In  the  engine  simulation. 

2,  Subroutine  II  -  Normal  or  Etaergency  Fuel  Control  Unit  in  Use? 
Store. 

The  computational  flow  diagram,  shown  in  Figure  D-21,  deter¬ 
mines  whether  the  normal  or  the  emergency  fuel  control  unit 
Is  being  used  to  continue  engine  fuel  flow.  The  operations 
are  defined  below. 
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Figure  D-21  -  Subroutine  II  to  Ascertain 
Fuel  Control  Unit  in  Use 

aotf  -  Buergencj  fuel  control  selector  switch  in  "nonnal," 

^  not  ’’emergencj,"  position. 
a25  -  Electric  power  available  for  accomplishing  a  change¬ 
over  from  nonuil  to  emergency  fuel  control  operation, 
or  vice  versa. 

»2J  ~  Bnergen(7  fuel  control  system  actuator  (normal  to 

emergency  control,  or  vice  versa)  failed  by  instructor. 
a20  -  Emergency  fuel  control  system  provided  for  engine. 
a29  -  Normal  fuel  control  unit  being  used  to  control  engine 
fuel  flow. 

*80  ”  ^ood  governor  failed  by  instructor  (this  type  of 

failure  is  applicable  only  to  the  normal  fuel  control 
unit}  switching  to  the  emergency  fuel  control  unit 
routine  yields  the  desired  effects). 
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3.  Subroutine  III  -  Compute  and  Store  Fuel  Flow  Demand. 

The  main  fuel  control  unit  is  essentially  an  isochronous  con¬ 
trol  in  which  an  integrated  speed  error  signal  positions  a 
fuel-metering  valve.  The  speed  error  signal  is  obtained  by 
comparing  engine  speed  (rotor  rpm)  with  an  engine  speed  demand 
established  as  a  function  of  throttle  position  and  compressor 
inlet  temperature.  The  fuel  flow  limits  mentioned  in  Sub¬ 
routine  I  are  incorporated  into  the  control  by  restricting 
the  minimum  and  maximum  opening  of  the  fuel-metering  valve. 
Further  limiting  of  fuel  flow  iai  provided  by  the  action  of  a 
speed  governor  during  engine  accelerations.  The  governor 
eliminates  excessive  overspeeds  by  reducing  fuel  flow  below 
the  maximum  scheduled  limit  as  the  engine  speed  approaches 
or  overshoots  the  maximum  rated  engine  speed. 

During  emergency  operation  the  fuel  metering  valve  is 
positioned  essentially  by  direct  mechanical  linkage  with  the 
throttle j  that  is,  speed  error  compensation,  speed  governor 
action,  fuel-flow  limiter  action,  and  temperature  compensation 
are  eliminated.  Some  altitude  compensation,  however,  is  pro¬ 
vided  by  monitoring  compressor  inlet  pressure. 

The  digital  simulation  shewn  in  Figure  D-22  applies  to  both 
modes  of  operation.  Note  that  provisions  have  been  made  for 
the  instructor  to  introduce  malfunctions  in  both  the  emergency 
and  normal  fuel  control  units.  In  addition,  the  fuel  demand 
established  for  normal  operation  is  modified  by  operation  of 
the  emergency  afterburner  modulation  system;  the  necessary 
changes  in  fuel  flow  are  introduced  into  the  simulation  when 
the  pilot  energizes  the  emergency  afterburner  modulation 
system.  The  operations  are  described  below. 
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C19 


°20 


°21 


Vf** 

P2 


K^,  where  Kq  is  the  fuel  flow  obtained  when 
a  throttle  linkage  failure  occurs,  assuming 
a  fixed  position  of  the  fuel-metering  valve 
in  the  emergency  fuel  control  \mit. 


^1  («)• 


0. 


C22  - 


Kio,  where  K]^q  is  fuel  control  gain  suitable 
for  effecting  slow  throttle  response. 


°23 


°2U 

°25 

°26 

C27 

C28 

°29 

C30 


Nd* 

^^ax 

% 

Nd 

% 

% 


Kii,  where  K]^]l  control  gain  suitable 

for  effecting  desired  degree  of  engine 
instability. 

K]^2j  where  K12  fuel  control  gain  during 
normal  operation. 

^2* 

fl  (T2). 


Kno,  where  K]_3  is  the  speed  demand  irfien  a 
throttle  lintoge  failure  occurs j  a  fixed 
position  of  fuel  control  unit  throttle 
linkage  is  assumed. 


°31 

P2 

-  Ng  , 

vf 

Wf 

CM 

■  P2 

“  P2 

Vf** 

C33 

P2 

m 

P2 

Wf**" 

Wf* 

C3U 
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~W 

Wf<H» 

'W 

\ff** 


V  ,  ^^max  ^  , 

Kill  pg  >  Kill  “  ''f(al|2  -  0)/Vf 


(al|2  -  1) 


Normal  fuel  control  unit  is  being  used  to  control 
engine  fuel  flow. 

^  KDmax  * 

P2  ?2  • 

^  .  Wfmin 

P2  “FT"  • 

Engine  speed  greater  than  fuel  enrichment  solenoid 
cutoff,  N  >  NpE. 

Fuel  enrichment  solenoid  valve  closed, 

Ehergency  afterburner  modulation  system  is  in  operation. 
Emergency  fuel  control  unit  failed  by  instructor. 

No  change  in  fuel  flow  with  throttle  changes  (instructor), 
Malfunction  of  engine  fuel  control  unit:  slow  throttle 
response  (instructor). 

Malfunction  of  engine  fuel  control  unit;  unstable 
engine  operation  (instructor). 

N  >  101  percent  ,  where  Nmax  is  maximum  rated  rotor 
speed. 

Engine  overspeed  requested  by  instructor. 

N  >  Noverspeed»  where  Norygrspeed  i®  desired 
constant  that  is  suitable  for  use  when  aY2  ■  !• 

Broken  throttle  linkage  (instructor). 


*•  P/)  ^  Kxl| 


where 


Wf(al|2 

^^^(8^12 
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tj.  Subroutine  IV  -  Compute  and  Store  Actual  Engine  Fuel  Flow. 

In  Subroutine  IV  the  fuel  available  from  the  engine-driven 
fuel  pumps  is  computed  and  compared  with  the  fuel  demand 
established  in  Subroutine  III.  The  actual  rate  at  which 
fuel  is  being  supplied  to  the  engine  burners  is  then  obtained. 
The  computational  flow  diagram  is  presented  in  Figure  D-23j 
the  operations  are  defined  belcw. 


Figure  D-23  -  Subroutine  IV  for  Computing  Engine  Fuel  Flow 
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®20 

822 

837 


^favail  ^  Wf 

^  'JJ  ' 


^21  ~  Peff  <  1 

^38  “  ^^avail  “  ^1  (^eff)  (single-element  engine  fuel  pump 

transfer  function) . 

39  ~  ^avail  “  ^2  (^eff)  (double-element  engine  fuel  pump 

transfer  function). 

^avail  Til 

'^favail  j^f^J 


%0  - 
CUI  - 


%2 

%3 


P2 


W. 


Wf 


P2 


-  Wf 


P2 


P2 


J.  Compressor  Stall  and  Flameout  Routine. 

I  the  »ai«m  fuel  fig,  liult  [see  Subroutine 

I  Of  Routine  I  (item  L,  1,  above^  is  to  safepuard  arainst 

con^ressor  stall  and  rich  flameout.  Likewise,  the  Snimura^fuel 
limit  essentially  eliminates  lean  flameouts.  Although  the  actual 
result  in  flameout  or  compressor  stall  are  deter- 
nmied  by  the  therrao(fynamic  relationships  existing  in  the  engine 

ditiLrffi°i™*  simulator  purposes  to  assume  that  the^on-’ 

stall  and  rich  flameout  are  satisfied  when 
Sd^Lt  the^SJn???  “cceeded  the  maximum  fuel  limit, 

Ju2  fS  flameout  are  satisfied  when  * 

engine  fuel  flow  has  decreased  to  or  below  the  minimum  fuel  limit. 
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The  effects  of  a  compressor  stall  or  flameout  upon  the  dependent 
engine  parameters  -  temperatures,  pressures,  air  flow,  and  gross 
thnist-are  not  treated  here  since  they  form  a  part  of  the  engine 
simulation.  This  routine  simply  provides  a  signal  to  Indicate 
when  the  effects  of  a  con^jressor  stall  or  flameout  should  be 
simulated  in  the  engine  simulation  (see  Appendix  S). 

A  signal  to  simulate  the  effects  of  flameout  occurs  when:  - 

1.  Engine  fuel  flow  exceeds  the  maximum  limit  by 
a  prescribed  percentage 

2.  Engine  fuel  flow  falls  below  the  minimum  limit 
by  a  prescribed  percentage 

3.  A  ricii  or  lean  flameout  is  requested  by  the 
instructor  and  engine  fuel  is  at  or  above  the 
maximum  limit,  or  at  or  below  the  minimum  limit, 
respectively. 

A  signal  to  simulate  the  effects  of  compressor  stall  results 
when  engine  fuel  flow  is  at  or  above  the  maximum  fuel  limit  and 
a  con^jressor  stall  is  requested  by  the  instructor.  In  the  event 
the  instructor  has  requested  both  compressor  stall  and  rich 
flameout,  the  request  for  a  flameout  predominates. 

The  computational  flow  diagram  for  the  compressor  stall  and 
flameout  routine  is  shown  in  Figure  D-2U.  Note  the  use  of  the 
relight  parameter  generated  in  the  starting  routine.  The 
operations  are  defined  below. 
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Figure  D-2li  -  Compressor  Stall  and  Flameout  Routine  I 
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W 

a^O 

352 

a^U 

®78* 


®79- 

^20 


^fmax 
P2^  ?2 

^  Wfmln 
P2  ^  P2 


Compressor  stall  requested  by  instructor. 

Rich  flameout  requested  by  instructor. 

Lean  flameout  requested  "by  instructor. 

Compressor  stall  to  be  simulated  in  engine  simulation. 
Engine  flameout  to  be  simulated  in  engine  simulation, 

N  >  where  K15  corresponds  to  engine  idle  rpti. 

Wfjjjin 

^16  “S - >  where  K16  designates  the  proportion  of 

^2  at  which  lean  flameout  is  to  occur 

automatically. 


% 

P2 


Wf 

P2 


—  >  K 


Wf, 


max 


Yf  — where  designates  the  proportion  of 
^2  at  which  rich  flameout  is  to  occur 

automatically. 

Relight  occurs,  provided  proper  amount  of  fuel  is  supplied 
to  the  engine. 


K.  Afterburner  Fuel  Flow  Routine. 


The  afterburner  fuel  control  unit,  like  the  main  fuel  control  unit, 
can  be  considered  to  have  a  fuel-metering  system  and  a  computing 
system.  Fuel  obtained  from  the  afterburner  fuel  pump,  engine- 
driven  like  the  main  fuel  pumps,  is  metered  to  afterburner  spray 
bars  in  response  to  the  thrust  demanded  by  the  throttle  position 
selected  by  the  pilot,  but  subject  to  minimum  and  maximum  flow 
rates  established  by  the  computing  system  as  a  function  of  com¬ 
pressor  discharge  static  pressure.  The  fuel  limits  essentially 
prevent  inadvertent  afterburner  blowout  from  lean  and  rich  fuel- 
air  ratios.  The  maximum  limit  also  prevents  the  maximum  limitation 
on  tailpipe  temperature  from  being  exceeded. 


Normally,  no  fuel  is  permitted  to  flow  to  the  afterburner  until 
the  throttle  has  been  advanced  ffom  military  to  the  minimum 
reheat  detent  on  the  throttle  quadrant  or  beyond.  However,, 
during  operation  of  the  emergency  afterburner  modulation  system, 
if  one  is  provided,  the  afterburner  demand  switch  is  electrically 
bjrpassed  and  a  flew  of  fuel  to  the  afterburner  is  established 
even  while  the  throttle  is  positioned  in  the  idle-to-military  range. 


I 
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In  either  event,  the  actual  rate  at  which  fuel  flows  to  the 
afterburner  is  determined  by  the  fuel  demand  established  in 
the  fuel  control  unit  and  the  amount  of  fuel  available  at 
the  output  of  the  afterburner  fuel  ptimp.  During  emergency 
modulation,  the  amount  of  fuel  that  would  normally  be  supplied 
to  the  afterburner  is  supplemented  by  additional  fuel  to  pre¬ 
vent  lean  afterburner  blowouts  from  occurring  at  reduced  engine 
speeds . 

The  computational  flow  diagram  for  the  afuerbumer  fuel  flow 
routine,  with  provisions  for  introducing  various  malfunctions 
by  the  instructor,  is  shown  in  Figure  D-25.  The  operations  are 
defined  below. 
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®18 

•20 

•21 

•22 

•37 

•55 

•56 

•57 

•58 

•59 

•60 

•61 


•62 


•63 

•6U 


b23 

^^5 


%h 

°U5 


%6 

CU7 


Fuel  available  at  inlets  to  engine  and  afterburner 
fuel  pumps. 

Engine  equipped  with  afterburner. 

Afterburner  fuel  pump  is  separate  fron  engine  emergency 
fuel  pump. 

Failure  of  afterburner  fuel  pump  by  instructor. 

Failure  of  engine  fuel  pump  no.  1  (or  engine  stage)  by 
instructor. 


Wfavail  ^  Wf** 

P2  ”■  "pT  ‘ 


Electric  power  available  for  afterburner  fuel  control 
system  operation. 

Electric  power  failure  closes  afterburner  shutoff  valve, 
ai  Ki8,  where  Kng  corresponds  to  throttle  position 
at  minimum  reheat  setting. 

Afterburner  equipped  with  speed  lockout. 

Afterbumer  equipped  with  emergency  fuel  shutoff  valve 
mechanically  opened  and  closed  with  throttle  movement. 

N  >  Kioj  where  K^o  corresponds  to  the  lowest  engine  speed 
at  which  the  speed  lockout  allows  afterburner  operation 
to  be  initiated. 

N  <  Koqj  where  K20  corresponds  to  engine  speed  at  which 
afterburning  is  automatically  terminated  by  the  speed 
lockout;  Note  that  >  K2o* 

a  >  K21>  where  K21  corresponds  to  the  throttle  position 
where,  assumming  ■  1,  the  afterburner  fuel  shutoff 
valve  goes  from  an  open  to  closed  position,  or  vice 
versa . 

Afterburner  fuel  shutoff  valve  is  open. 

Afterburner  fuel  shutoff  valve  made  inoperable  by 
instructor . 

Emergency  afterburner  modulation  system  is  in  operation. 


.eff 


w/ 

Wf 
Wf 


1. 

"frd; 


ravail_ 
rmin 


WfJ. 
fl  (P; 


x*max 


■  f<3 


83)* 

(PS3). 


K22  At,  where  K22  corresponds  to  fuel 
resistor  gain  constant. 
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°U9 

C50 


C52 

C53 

C55 


°56 

°57 

°58 


-  0. 

Wf«  -  Wi^  -  K22  At. 

Wff^- 

Wf^  -  Wf ♦ 

amount  of  supplanmtal 
afterburner  modulation. 

w4  -  w^f 

Wf^  -  Wf*. 


^3  where  fo  (Ps,)  expresses  the 

mental"^  fuel  supplied  during  emergency 


Wf: 

Wf, 


^avail 

ravail 


^3  ^^eff)* 


^^ravail  ^  ^^ravail  _ 

^2  ^2  ^2 

Wfj.  -  0. 

”  ^^ravail* 


L.  Afterburner  Light-Off  and  Blowout  Routiner 

To  initiate  an  afterburner  light-off,  the  ignition  system  must 
be  operable  and  a  sufficient  amount  of  fuel  must  be  entering 
the  afterburner.  The  minimum  amount  of  fuel  required  for  a 
light-off  is  essentially  the  same  as  the  minimum  limit  discussed 
in  the  previous  routine.  In  the  digital  simulation,  an  after¬ 
burner  light-off  occurs  when  the  fuel  flow  to  the  afterburner 
has  increased  from  zero  to  the  minimum  fuel  schedule  limit, 
assuming  that  a  malfunction  to  prevent  light-off  has  not  been 
introduced  by  the  instructor.  Afterburner  blowout  corresponding 
to  a  lean  fuel-air  mixture  occurs  automatically  when  fuel  flow 
drops  below  this  minimum  limit.  In  addition,  a  rich  or  lean 
afterburner  blowout  can  be  introduced  by  the  instructor  when 
fuel  flow  falls  within  certain  limits  imposed  on  the  maximum  and 
minimum  limits,  respectively.  The  computational  flow  diagram 
is  shown  in  Figure  D-26,  and  the  operations  are  defined  below. 
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*81 

382 

*83 

*81; 

^6 


^8 

b29 


^30 


^31 

b32 


Engine  flame out. 

Emergency  afterburner  modulation  system  in  operation. 
Afterburner  light-off  (in  afterburning). 


Wf^  >  0. 

Lean  afterburner  blowout  requested  instnictor. 

Rich  afterburner  blowout  requested  by  instructor. 
Afterburner  recycled  (refers  to  ignition  system)  and 
cD.eared  of  excess  fuel. 

“frwn- 

Wfj.  <  K23  Wfj.  ,  where  K23  is  selected  on  basis  of 
allowing  the  in^ructor  to  introduce  a  rich  blowout 
under  realistic  rich  blowout  conditions  (K23®'0.9). 

''^fr  ^  ^2li  ^frm-5  »  where  K2).  is  similar  to  K23  *nd  applies 
to  lean  blowSStS  (K23«!l.l;. 

“fr  •=  ’'4- 


Afterburner  ignitor  failed  by  instructor. 

Electric  power  required  for  afterburner  ignition  system. 
Electric  power  available  for  afterburner  ignition  system. 


M.  Jet  Nozzle  Area  Routine. 


Two  types  of  exhaust  nozzle  controls  prevail:  two-position  nozzles, 
where  the  exhaust  area  is  increased  only  for  afterburning;  and 
continuously  variable  nozzles,  where  nozzle  area  is  controlled 
by  turbine  exhaust  gas  temperature  and  throttle  position  for  both 
dry  and  afterburner  operation.  In  the  former,  the  exhaust  nozzle 
actuator  control  is  activated  by  a  pressure  switch  that  senses  the 
pressure  in  the  afterburner  fuel  system.  When  the  afterburner 
fuel  shutoff  valve  is  opened,  the  increase  in  the  afterburner 
fuel  system  pressure  causes  the  nozzle  to  open.  When  the  shutoff 
vtfLve  is  closed  or  when  a  s\ifficient  loss  in  fuel  pressure  occurs, 
the  nozzle  automatically  closes. 

For  the  continuously  variable  nozzles,  two  modes  of  operation  exits 

1.  ^When  the  turbine  exhaust-gas  ten5)erature  is  less 
than  a  fixed  reference  temperature,  nozzle  area 
is  scheduled  as  a  function  of  throttle  position. 

However,  a  speed  switch  is  sometimes incorporated 
to  hold  the  nozzle  fully  open  until  engine  speed 
increases  above  a  preselected  value  to  achieve 
faster  rates  of  acceleration. 
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2.  When  the  turbine  exhaust  temperature  exceeds  the  fixed 
reference  temperature,  the  nozzle  is  no  longer  con¬ 
trolled  by  throttle  position  but  is  automatically  opened 
by  a  temperature  override  signal.  The  nozzle  continues 
to  open  until  the  turbine  exhaust-gas  temperature 
stabilizes  at  the  reference  temperature.  When  the 
scheduled  nozzle  area  becomes  sufficient  to  prevent  the 
reference  temperature  from  being  exceeded,  the  control 
system  reverts  to  the  throttle  schedule.  Normally,  the 
temperature  override  control  plays  the  dominant  role 
during  cruise,  military,  and  afterburner  modes  of 
operation . 

The  effects  of  a  nozzle  control  system  malfunction  on  engine 
operation  is  a  function  of  the  nozzle  area  (that  is,  an  open, 
closed,  or  intermediate  position)  in  combination  with  the  other 
engine  parameter  relationships  established  by  the  particular  flight 
conditions  existing  at  the  time  of  a  nozzle  control  system  failure. 
When  a  nozzle  control  system  fails,  the  resulting  interaction 
between  the  nozzle  and  main  fuel  control  systems  can  cause  turbine 
overtemperatures,  loss  of  engine  thrust,  speed  overshoots,  and 
unstable  engine  oscillations. 

In  the  digital  simulation,  provisions  are  made  for  the  instructor 
to  introduce  the  various  nozzle  control  system  malfunctions  that 
are  associated  with  noz*le  area  scheduling,  turbine  temperature 
control,  and  nozzle  actuator  operation. 

It  should  be  noted  that  the  turbine  exhaust-gas  temperature  is 
measured  by  a  thermocouple  that  produces  a  self-generated 
electrical  signal.  This  signal  actuates  the  exhaust  temperature 
indicator  in  the  cockpit,  and  it  is  also  used  as  an  input  to  the 
temperature  amplifier  of  the  nozzle  control  system.  The  dynamic 
response  of  the  thermocouple  varies  with  engine  air  flow,  and 
can  be  represented  by  simple  lag  with  a  time  constant  of  a  few 
tenths  of  a  second  to  several  seconds  in  duration.  This  lag  is 
compensated  for  in  the  nozzle  control  system  tut  not  in  the 
teTT5)erature  indicator  reading.  As  a  result,  for  low  engine  air 
flows,  such  as  during  engine  starting,  the  effect  of  this  lag 
can  be  detected  by  the  pilot.  Provisions  for  generating  a 
temperature  indicator  signal  with  the  effects  of  the  thermocouple 
lag  is  therefore  included  in  the  digital  simulation. 

The  fvmctional  diagram  of  the  nozzle  area  routine  is  shown  in 
Figure  D-27;  the  operations  are  defined  below. 
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b37 

^38 

b39 

\l 

\2 

bU3 


%h 


bU6 

bU7 

bU8 

\9 

b^o 

b^i 

^2 

S3 

b56 

b57 

°67 


C68 

C69 

°70 

C71 

C72 

C73 

C7U 


Engine  equipped  with  afterburner. 

Emergency  afterburner  modulation  system  in  operation. 
Engine  equipped  with  speed  switch  for  enabling  faster 
engine  accelerations. 

Electric  power  available  for  nozzle  control  system 
operation, . 


N  <  K25,  where  K25  eouals  speed  at  which  qpeed  switch 
“cuts*  in  or  out. 

Electric  power  failure  deactivates  acceleration  speed 
switch  (slower  accelerations). 

Acceleration  speed  switch  failed  by  instructor. 

Nozzle  equipped  with  ten^ierature  override. 

Electric  power  failure  will  cause  a  temperature  over¬ 
ride  signal  that  calls  for  a  fully  open  nozzle  (program 
nozzle  goes  fully  closed). 

filectric  power  failure  reduces  the  temperature  override 
control  signal  to  zero,  so  that  it  has  no  effect  on 
further  changes  in  nozzle  area. 

Temperature  override  control  failed  by  instructor, 

Wfr  >  0. 

Tnermocouple  failed  by  instructor. 

(A8)t^>  0. 

Power^ available  for  operating  nozzle  actuators. 

Actuator  power  failure  causes  nozzle  to  go  fully  open 
(use  b^i  if  nozzle  goes  fully  closed). 

Actuator  power  failure  stops  nozzle  movement. 

Nozzle  actuator(8)  failed  'ty  instructor. 

A8d  ^ 

^  ^8niin* 

activated. 

■  ^8max* 

«  ASijih  -  K26  n't*  where  K26  corresponds  to  loop 
of  temperature  override  control, 

*  ^8^1^  *  ^26 
-  kp 


A?  > 

Sneed 
Ar 
A; 

g 


« 
4 


A8t5 

r 

A8d 
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C75 

C76 

C77 

C78 

C79 

C80 

C81 

°82 

C83 

C8U 


°85 

C86 


■ 

- 

■  ^  K27  At,  where  K27  corresponds  to  loop  gain 

<^Jot  nc^zle  serving  system. 

Ar  -  ^  ♦  K27  At. 

^  •  %±n* 

- 


: 


8 

^8 

^  ^5indicstor 


1^28 


(T?  -  TSindictor)-  >*•”  *28 


corresponds  to  thermocoaple  time  constant  appropxd.ate 
for  loir  engine  air  flows. 

^  "  ^^indicator  *  ^  ^^indicator* 

^^indicator  “  ^5* 


N<  Inlet  Giiide  Vane  and  Acceleration  Air  Bleed  Routine. 


The  inlet  guide  vanes  and  the  variable  compressor  stator  baldes, 
if  provided,  are  positioned  as  a  function  of  rotor  speed  and 
coii5)re8sor  inlet  temperature  by  a  common  control  system.  The 
usual  procedure  followed  in  simulating  the  themodjmamics  of  a 
jet  engine  equipped  with  variable  stators  is  to  assume  that  the 
stators  remain  on  schedule.  In  the  more  complex  engine  simu¬ 
lations,  the  effects  of  off-schedule  stators  are  included,  but  at 
the  expense  of  using  a  s^arate  compressor  map  for  each  off- 
schedule  stator  position  so  selected.  It  is  doubtful  if  this 
amount  of  complexity  is  warranted  for  trainer  simulator  purposes. 
Assumming  that  it  is  not,  the  digital  routine  employed  herein 
is  based  on  stators  that  are  on  schedule,  except  during  one 
condition  as  a  consequence  of  Including  the  effects  of  after¬ 
burner  emergency  modulation  in  the  simulation;  that  is,  the 
inlet  guide  vanes  and  stator  blades  are  energized  closed  when 
the  emergency  afterburner  modulation  aystem  is  activated.  In 
conjxmctlon  with  this  exception,  provisions  are  also  made  for 
the  instructor  to  fall  the  inlet  guide  vanes  axvl  stator  blades 
in  a  closed  position. 

On  some  aircraft  engines,  air  is  bled  from  the  compressor  to 
obtain  faster  rates  of  rotor  acceleration.  The  air  bleed  valves 
are  opened  and  closed  in  conjunction  with  the  operation  of  the 
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speed  switch  discussed  in  Routine  L  and  the  operation  of  the 
emergency  afterburner  modulation  system  discussed  in  Routine  &  . 

The  computational  flow  diagram  in  Figure  D-28  shown  below  estab¬ 
lishes  ; 

1.  Whether  the  inlet  guide  vanes  and  stator  blades 
are  on  schedule  or  closed 

2.  Whether  compressor  acceleration  air  bleed  valves 
are  opened  or  closed 

The  operations  are  defined  below. 


From. 

Routine  M 


^58 

b57 

11 

■ 

•65 

B 

*>6l 

PHHHH 

m 

m 

m 

^57 

m 

■ 

•65 

V 

ma 

■ 

■a 

» 

Figure  D-28  -  Subroutine  XI7  for  Inlet  Gvilde  Vanes 
and  Air  Bleed 
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Speed  switch  activated. 

Ehergency  afterburner  modulation  system  is  in  operation. 
Actuator  power  available  to  inlet  guide  vane  and  stator 
blade  control  system. 

Electric  power  available  to  operate  compressor  acceleration 
air  bleed  valves. 

Acceleration  air-bleed  valve  solenoid  failed  by  instructor. 
Inlet  guide  vane  and  stator  blade  control  system  failed 
by  instructor. 

Acceleration  air-bleed  valves  provided  on  engine. 

Compressor  acceleration  air-bleed  valves  open. 

Inlet  guide  vanes  and  stator  blades  positioned  on 
schedule;  b61^  yields  fully  closed  position. 
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SECTION  X.  APPENDIX  E  -  AIRCRAFT  FUEL  SYSTEM  SMJUTION 


A,  Introduction. 

Okie  of  the  most  important  aspects  of  simulating  a  manned  air¬ 
craft  is  that  the  simulation  must  convery  a  realistic  control 
•feel.’’  When  the  airplane  is  flying  in  a  "clean*  configuration, 
its  response  to  control  movements  is  considerably  faster  than 
when  it  is  flying  in  a  configuration  such  as  "clean"  plus  two 
wing  tanks  and,  say,  a  missile  at  the  central  store  stat'ion. 

One  of  the  major  factors  that  contributes  to  the  changing  con¬ 
trol  "feel"  is  the  rate  of  fuel  consumption.  As  the  engines 
consume  fuel,  the  eg  of  the  airplane  can  shift,  the  trim  require¬ 
ments  change,  and  the  turning  moments  about  all  three  axes  dhange. 

There  are  essentially  two  prime  requirements  of  a  fuel  system 
simulat  on.  The  first  is  to  reproduce  fuel  system  changes 
realistically,  as  they  occur  in  response  to  the  pilot's  decisions, 
and  to  report  them  to  the  aerodynamics  section  of  the  simulator 
computer  so  that  the  appropriate  flight  factors  can  be  adjusted. 

second  requirement  of  a  fuel  system  simulation  is  that  it 
i  rnish  proper  coclqpit  indications  for  training  the  student  in 
L  ih  normal  and  emergency  procedures. 

Xo.  r.o-'jt  aircraft  considered  in  this  study,  the  fuel  system 
.  nents  are  divided  into  (1)  the  aircraft  Ibel  system  and 
X.-.e  engine  and  afterburner  fuel  system. 


'  V:  craft  fuel  system  is  concerned  with  the  storage  of  fuel 
4  .  .  !  transfer  to  the  engine  fuel  system.  The  engine  fuel 

!.„  •  rceives  the  fuel  from  the  aircraft  fuel  system  and 

C  '!  :  rs  the  proper  rate  of  delivery  to  the  engine .  In  some 

r..‘  the  afterburner  system  is  a  separate  entity?  in  others, 

p  ci‘  the  engine  system  are  eii5)loyed  in  the  afterburner  system. 
‘  15  fuel  system  is  considered  separately  in  the  engine 

..  !?..?iulatlon.  The  aircraft  fuel  system  simulation  deter- 
:  '  ?  amounts  of  lUel  in  each  storage  location  as  outputs 

^  :  i:..»rcdynanics  section  of  the  computer.  The  aerodynamics 

n  cf  the  computer  then  determines  the  turning  moments  of 
■ -"Cl aft.  In  addition,  the  aircraft  fuel  simulation 
c.-.  ..r  rm  a  the  conditions  under  which  fuel  can  be  supplied  to 
r  ’-L.e(s),  considering  rates  of  delivery,  pressures,  pilot 
(  and  instructor  inputs.  In  the  course  of  these  com- 

;  the  fuel  system  status  will  be  properly  read-  out 
; .  .]  :it  indicators  and  the  instructor's  indicators. 
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It  is  desirable  to  use  an  **assembler**  program  to  particularize 
the  general  case  to  the  specific  aircraft  being  simulated.  The 
assembler  portion  of  the  simulation  will  bo  presented  so  that 
it  can  be  done  by  hand  1:^  the  programmer.  The  assembly  program 
could,  of  course,  be  programmed  for  the  digital  computer  and 
would  be  much  more  efficient  if  handled  in  this  manner. 

B .  Assembly  Program  . 

The  aircraft  fuel  system  is  composed  of  the  various  components 
summarized  in  Table  E-I. 

Table  E-I  -  Fuel  gystem  Components 


Item 


Description 


Tanks 


Valves 


Punqis 


Engine  service 
Fuel  storage 
Negative  g 
Droppable 
Self -sealing 
Pressurized 
May  have  leaks 

Float  type 
Solenoid  automatic 
Solenoid  pilot  controlled 
Check  valve 
Manual 

Manual  (emergency) 
Electrical  (ac) 

Electrical  (dc) 

Hydraulic 
Gravity 
Ram  air 

May  be  in  parallel 
May  be  in  series 
May  be  inoperative 


TECHNICAL  REPORT:  NAVTRADEVCEN  772 


GER-10017 


Table  E-I  -  Fuel  System  Components  (Continued) 


Item 

Description 

Indicators 

Indicate  fuel  quantities  in 
certain  tanks  or  combinations 
of  tanks 

Indicate  flow  rates 

Indicate  low  level  warning 
Indicate  fuel  pressure 

Indicate  flow-no  flow 

Auxiliary  equipment 

Heaters 

Purge  gas  generator 

Auxiliary  equipment 

Miscellaneous  components 

Strainers 

Vents 

Refueling  probes 

The  first  task  to  be  performed  in  computing  the  fuel  system  is 
to  determine  the  precise  state  of  the  S3rstem  for  this  iteration. 

This  will  be  accomplished  by  reading  instructor-student  switching 
decisions  into  the  computer  by  some  type  of  analog-to-digital 
device  and  using  this  information  to  open  or  close  fuel  transfer 
paths.  The  objective  at  this  point  is  to  determine  the  status 
of  a  fuel  transfer  schematic  similar  to  the  one  shown  in  Figure  E-1. 
The  conducting  status  of  the  flow  paths  as  shown  is  primarily 
dependent  on  the  status  of  the  valve(s).  However,  if  the  line 
utilizes  a  pimp,  and  the  pump  is  inoperative,  fuel  may  not  be 
transferred  even  if  the  valve  is  open.  Each  tank  must  have  an 
input  and  an  output  manifold.  The  input  switching  logic  must 
set  each  manifold  control  word  to  reflect  the  conducting  status 
(conducting  or  not  conducting)  of  each  line  contributing  flow 
to  the  manifold.  In  cases  whore  multiple  valves  are  in  a  flow 
path,  the  initial  logic  must  determine  if  the  combination  of  con¬ 
ditions  opens  or  closes  the  path,  and  then  use  this  information 
to  set  the  manifold  control  word. 

The  manifold  control  woi*d  will  have  one  digit  for  each  flow  path. 
This  digit  will  indicate  "conducting”  or  "not  conducting*.  In  the 
case  of  a  pump  failure  by  the  instructor,  the  logic  will  check 
the  operating  status  of  all  pumps  in  the  flow  paths  of  the 
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manifold  and  if  one  pump  is  inoperative,  it  will  set  a  one-dipit 
’’flag’*  in  the  manifold  control  word  to  off.  The  purpose  of  this 
’’flag”  is  to  provide  a  means  to  stop  the  automatic  recycling 
feature  of  the  logic  and  determine  the  new  conditions  of  operation. 
In  this  assembler  program  section,  the  programmer  must  determine 
exactly  which  valves  are  in  each  flow  path.  He  must  then  relate 
the  input  information  to  these  valves.  The  following  paragraphs 
will  describe  the  method  of  setting  up  the  fuel  transfer  graph 
and  its  associated  flow  paths. 

The  components  of  a  typical  fuel  system  are  shown  in  Figure  E-2. 

To  facilitate  the  construction  of  the  assembler  program,  the 
fuel  sjrstem  shown  will  be  transformed  into  a  ’’transfer  schematic” 
of  the  fuel  system  shown  in  Figure  E-1.  It  is  recommended  that 
for  each  fuel  system  to  be  simulated,  a  similar  schematic  be 
constructed.  The  rules  of  constructing  the  schematic  can  be 
summarized  as  follows: 

1.  Determine  the  correct  number  of  fuel  ’’sinks” 

or  fuel  consuming  devices  (engine(s),  afterburner(s) , 
auxilliary  equipment)  that  will  demand  fuel  from 
the  system. 

2.  Engine  service  tanks  should  be  centrally  located, 
since  all  the  storage  tanks  must  feed  into  them. 

3.  Each  tank  is  represented  with  all  input  lines 
entering  a  single  input  manifold. 

U.  For  each  tank,  all  output  lines  exit  from  a 
common  output  manifold. 

5.  Interconnecting  lines  are  directional  and  represent 
possible  paths  of  fuel  flow,  even  though  a  path 
may  require  two  or  more  valves  to  open  for  flow 

to  commence,  or  two  or  more  paths  may  share  a 
common  pipeline. 

6.  All  possible  paths  must  be  included.  (It  is  the 
responsibility  of  the  programmer  not  to  include 
trivial  cases,  however.)  In  Figure  E-2,  the  no¬ 
tation  on  the  interconnecting  lines  indicates 
first  the  number  of  the  supply  tank,  and  next  the 
number  of  the  receiving  tank.  (It  is  convenient 
to  represent  the  negative-g  feature  as  a  separate 
tank  of  limited  capacity  from  which  fuel  is  used 
when  the  aircraft  is  in  the  negative-g  attitude.) 

In  cases  where  the  two  tanks  are  connected  by 
multiple  lines,  it  is  necessary  to  specify  lines 
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as  H(hydraulic) ,  E( electric),  P(pressure),  or 

OCgravity).  Pressure  gravity  lines  are  computed 

as  one  line. 

Once  the  transfer  schematic  is  completed,  the  pattern  of  the 
assembly  program  can  be  clearly  visualized.  It  is  quite  diffi¬ 
cult  and  very  inefficient,  from  a  computer  standpoint,  to 
develop  a  program  that  is  general  enough  to  include  all  aspects 
of  all  aircraft  fuel  systems.  This  is  where  the  machinery  of 
a  computer  assembler  program  would  be  so  desirable.  With  such 
a  program,  the  computer  could  do  the  manual  labor  of  setting  up 
flow  paths,  determining  flow  logic,  etc.,  and  the  data  Inputs 
would  merely  be  a  precise  statement  of  the  aircraft  system. 
However,  the  assembler  program  can  be  accomplisftied  by  hand 
with  a  straightforward, though  tedious,  technique.  After  the 
transfer  schematic  is  complete,  it  must  be  converted  into  machine 
logic.  The  first  step  in  accomplishing  this  is  to  organize 
the  initializing  logic.  The  following  procedure  is  recommended 
as  a  guide  to  the  programmer  in  the  determination  of  the  initial 
flow  logic . 

There  are  three  types  of  logic  inputs  that  determine  the  state 
of  the  system  for  any  one  computation  cycle,  as  follows: 

1.  Pilot  switching  inputs  such  as: 

a .  Fuel  transfer 

b.  Tank  selector 

c.  Fuel  dvirap 

d.  Engine  prime 

e.  Cross-feed 

f.  Bypass 

g.  Emergency  jettison 

h.  Purge  valve 

i.  Emergency  fuel  pump 

j.  Drop  tanks 

k.  Refueling 

2.  Instructor  inputs  such  as: 

a .  Leaks 

b.  Transfer  pump  failure 

c.  Booster  pump  failure 

d.  Elnergency  fuel  pump  failure 
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3.  Sjjrsten  inputs  such  ass 

a.  Electrical  power  not  available 

b.  Ram  air  insufficient 

c.  Compressor  bleed  air  not  available 

d.  H3rdraullc  p<wer  not  available 

e.  *0’’  not  within  limits 

Sbrstem  inputs  will  be  automatically  picked  up  by  the  program. 

For  exan^le,  if  the  hydraulic  system  has  failed,  the  program 
will  find  no  such  power  available  to  drive  the  hydraulic  fuel 
pumps.  The  pilot  and  instructor  fbel  switching  options  should 
be  listed  in  a  table,  similar  to  Table  E-II.  The  information 
for  the  table  can  usually  be  obtained  from  the  pilot's  operating 
manual  for  the  aircraft;  Table  E-II  was  based  on  the  FisH  pilot's 
handbook. 


Table  E-II  -  Fuel  Switching  Options 


Switch 


Conditions  Requirements 


Fuel  tank  selector  28-v  d-c  left 

Auto  No  fuel  transfer  main  essential, 

until  fuselage  fUel  switch  power 
^  5700  lb. 

When  fuselage  fuel 
—  5700  lb,  trans¬ 
fer  will  begin  to 
fuel  cell  3* 

Man  Override  If  EXT.  TRANS  switch 

is  Off,  fuel  trans¬ 
fer  is  enabled  when 
fuselage  fuel 
<  5700  lb. 

If  m.  TRANS  switch 
is  not  in  OFF  position 
and  if  remaining 
fuel  <5700  lb,  this 
position  enables 
transfer  to  cells 
5  and  6. 
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Table  E-II  -  Fuel  Switching  Options  (Continued) 


Switch 


Conditions _ Requirements 


STOP  TRANS  Stops  fuel  transfer 

to  fuselage  tanks; 
closes  internal. wing 
and  external  wing 
transfer  valves. 


WING  TRMS.  Switch 
Normal 


Emergency 


EXT.  TRANS  Switch 
Center 


Switch  power  28- 
If  landing  gear  x:  v  d-c  essential 

handle  is  up,  this 
position  enables- 
pressurizatibn  of  all 
internal  and  exter¬ 
nal  tanks;  it  opens 
pressure  regulator 
valves  and  closes 
pressure  relief 
valves . 

Allows  tank  pressuri¬ 
zation  with  gear 
down,  if  air  pressure 
is  available. 


Opens  center  tank 
transfer  valve; 
closes  internal 
wing  transfer  valve 
if  left  main  28-v 
d-c  power  is  avail¬ 
able  to  power  INT. 
and  EXT,  transfer 
valves. 


Either 

Right  wing  28  v 
dc  and  wing  TRANS 
switch  in 
EMERGENCY- 
or 

right  main  28  v 
d-c  and  air 
pressure  avail¬ 
able  and  landing 
gear  handle  in 
the  up  position 
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Table  E-II  -  Fuel  Switching  Options  (Continued) 


Switch 


Conditions  Requirements 


Outbound  Opens  left  and  right 

external  wing  trans¬ 
fer  valve,  closes 
internal  wing  trans¬ 
fer  valve.  If  left 
main  28  v  d-c  power 
is  available. 

OFF  Closes  center,  left 

and  right  wing  trans¬ 
fer  valve  opens 
internal  wing  trans¬ 
fer  valve. 

EXT.  TANK  JETTISON  (Switch  can  be  28-v  d-c  bus 

operated  at  any  time). 

If  m.  mNS  switch 
is  in  outboard 
position,  extension 
shutoff  valves  close, 
and  switch  is  disabled. 

Wing  transfer  is 
enabled  to  transfer 
normally. 

EXT.  STORES  Jettisons  only  28-v  d-c  essential 

IMER.  RELEASE  BUTTON  center  store,  bus 

whether  en5)ty  or 
full.  If  ETT.  TRANS 
switch  is  in  CENTER 
position,  switch 
will  close  center- 
line  fuel  shutoff 
valve  and  will  enable 
wing  fuel  to  transfer 
normally. 
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Table  E-II  -  Fuel  Switching  Options  (Contimed) 


Switch 


Conditions  Requirements 


Bomb  Control  (DIRECT 
Position)  plus  BOMB 
RELEASE  BUTTON 


Releases  center  28-v  d-c  bus 

store j  center  tank 

TRANS  valve  closes, 

wing  fuel  transfer 

enabled . 


WINS  FDEL  POMP 
Nomal 
Dun^ 


HJGINE  MASTER  Switch 

“H - 


No  effect 

Opens  left  and  right 
wing  dump  shutoff 
valves j  closes  wing 
transfer  and  vent 
valves .  Wing  tank 
pressure  regulator 
opens  to  maintain 
tank  pressurization 
and  air  supply 
remains  on  until 
switch  is  placed  iu 
NORMAL) . 


Enables  fuel  booster 
pumps  to  operate  if 
power  is  available. 
Biables  fuel  trans¬ 
fer  pumps  to  operate 
if  pcwer  is  available. 
Completes  circuit  for 
fuel  shutoff  valves, 
if  power  is  available. 

EXTERNAL  HYDRAULIC 
power  supply  will 
operate  the  hydraulic 
fuel  pumps  in  tanks 
U  and  6. 
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Table  E-II  -  Fuel  Switching  Options  (Continued) 


Switch 


Conditions 


Requirements 


Right  engine  boost 
pump  will  operate 
if  left  main  a-c 
power  is  available. 
Left  engine  boost 
pump  will  operate 
on  high  speed  if 
right  main  a-c  power 
and  28-v  d-c  relay 
power  is  available. 
Operates  at  low- 
speed  for  NO  air¬ 
craft  a-c  electric 
power,  if  wind- 
driven  turbine  is 
lowered  and  28-v  d-c 
essential  power  is 
available . 


Wi-th  the  aid  of  the  fuel  system  drawing  and  the  transfer 
schematic,  a  table  can  be  constiucted  for  -the  initial  switching 
logic.  This  can  bo  done  by  considering  all  lines  associated 
with  each  manifold  of  the  transfer  schematic.  In  this  table, 
each  flow  path  of  the  transfer  schematic,  its  associated  valve 
combination,  and  the  pump  operational  status  for  the  line  should 
be  considered.  This  statement  of  line  conditions  is  next  trans¬ 
formed  into  the  initial  switching  logic  for  the  fuel  system 
program.  The  table  of  fuel-switch  ftinctions  is  very  useful  in 
performing  this  operation.  It  must  be  remembered  that  valve 
power  requirements  must  be  checked,  and  interlocking  circuits 
must  be  included  in  the  logic.  An  example  will  illustrate  the 
procedure. 

The  input  manifold  of  the  engine  service  tank  (tank  1)  of  the 
fuel  transfer  schematic  shown  in  Figure  E-1  will  serve  as  an 
example  to  illustrate  the  procedure.  Table  E-III  lists  the 
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line  elements  for  the  manifold ,  and  Figure  E-3  shows  the 
resulting  logic  when  the  Table  is  converted  into  flow  chart  form. 


Table  E-ni 


Input  lines 

Valve  Combinations  Required 

Pump  Combination 

2,1 

G 

Air  P 

U,1,E 

- 

Electrical 

li,l,H 

- 

I^ydraulic 

6,1, E 

- 

Electrical 

6,1, H 

- 

Hydraulic 

7,1 

7l,  Vg 

Air  P 

8,1 

V9 

Air  P 

9,1 

V2 

Air  P 

10,1 

V2 

Air  P 

11,1 

V5,  V2 

Air  P 
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Figure  E-3  -  Necessary  Logic  to 
Determine  Path  7,1  Conducting  Status 
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The  numbers  are  for  FI4.H  are  as  follows: 


I  through  6 

7 

8 

9 

10 

II 


See  Figure  E-1 
Left  Wing  external 
Right  Wing  external 
Center  external 
Left  wing  internal 
Right  wing  internal 


The  valves  are  of  the  following  types: 

V]_  =  MOSOV,  motor-operated  shutoff  valve 

V2  =  RLCV,  refueling  level  control 
“  MOSOV,  see  Figure  E-1 

VJI  =  SOT  and  LLSOV,  solenoid  operated  transfer  and  low- 
level  shutoff  valve 
=  See  Figure  E-1 


The  initial  logic  should  be  completed,  as  shown  in  the  example, 
for  all  lines  of  all  manifolds.  After  the  initial  logic  has 
determined  the  state  of  the  system  for  this  iteration,  the 
actual  conqputation  of  fuel  transfer  can  be  undertaken. 


It  is  necessary  at  this  point  to  define  the  transfer  functions 
for  the  flow  paths  of  the  transfer  schematic.  If  fuel  is  to 
flow  from  one  point  of  the  system  to  another,  there  must  be  a 
sufficient  difference  in  hydraulic  head  between  the  points  to 
overcome  transmission  resistance.  This  difference  in  head  can 
be  provided  by  one  or  more  of  the  following  conditions: 


1.  A  pressure  difference  between  the  supply  and 
receiving  tank 

2.  A  difference  in  elevation  between  the  tanks 
(gravity  feed) 

3.  A  pump  supplying  transfer  energy,  such  as; 

a .  Hjrdraulic  pump 

b.  Electric  pun^) 

c.  Pneumatic  pump 

d.  Other,  types  for  which  the  output  conditions 
are  known 
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1«  Cases  1  aixi  2  . 


For  cases  1  and  2  it  can  be  shown  that  the  flow  characteristics 
are  described  ty  the  following  equation  from  Reference  1; 


> 


where 

AP  ■  pressure  differential  between  the  two  points 
in  feet  of  hydraulic  head, 
w  «  specific  weight  of  fuel  (for  kerosine, 
w  ■  0.8U), 

AH  ■  difference  in  elevation  between  the  two  points, 
g  -  force  of  gravity,  and 
A  -  cross-sectional  area  of  pipe. 


This  equation  will  produce  a  parabolic  pressure-rate  curve 
similar  to  that  shown  in  Example  C  of  Figure  E-h,  Using 
the  above  equation,  the  programmer  can  quite  simply  con¬ 
struct  such  a  parabolic  curve  for  arqr  given  pressure- 
gravity  fuel  transfer  situation.  One  can  make  a  reasonably 
good  approximation  to  a  parabolic  curve  ty  selecting  two 
linear  segments  over  the  range  of  possible  values,  that 
most  nearly  coincide  with  the  curve.  It  is  convenient 
to  represent  these  line  segments  in  the  following  notation: 


1, 

2. 

3. 

h. 


5. 


(^raax*  ^o  “ 

mi  -  slope  of  line  segment 

(Pl»  Rl) 


■  slope  of  line  segment 

■  Rmax) 

■  J^iax) 


1  joining  (Pmax*  Ro) 
joining  (Pi,  R^)  to 
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Figure  E-l;  Fuel  Flow  P.ate  vs  Pressure  for  Var 
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The  possible  values  for  a  pressure-gravity  transfer  must 
include  all  admissible  ranges  of  pressure  plus  ’♦head'* 
difference  due  to  elevation.  Once  the  midpoint  (P^,  R^) 
is  selected,  the  linear  segments  can  be  defined  in  the 
plane  tiy  computing  slopes  m^  and  m2  of  the  segments  between 
the  end  points.  The  canputational  logic  will  adjust  P^ax 
for  the  curve  to  fit  the  conditions  at  time  n]^  by  reading 
the  total  difference  in  pressure  head  plus  the  elevation 
difference  between  tanka.  It  is  apparent  that  the  entire 
set  of  transfer  conditions  for  a  given  line  can  be  stated 
by  six  words  in  memory:  Pj^ax  (^o  understood  to  be  zero), 

'"li  PIj  ^ax  (Pq  ■  0)* 

2.  Case  3. 

For  case  3,  fuel  transfer  pumps  are  described  by  the  manu¬ 
facturer  ty  a  pressure-rate  curve  similar  to  Exan5)le  B  in 
Figure  E-lj.  The'  information  for  the  curve  can  be  obtained 
from  the  aircraft  maintenance  manual  or  from  the  aircraft 
manufactiirer.  The  curve  can  obviously  be  described  by  the 
same  format  as  the  pressure-gravity  case  above;  namely, 

Pmax>  "ilj  Pl>  Rl»  %ax*  I't  should  be  obvious  to 

the  programmer  that  he  can  make  excellent  use  of  the  symmetiy 
involved  in  the  statements  of  the  transfer  functions. 

The  main  advantage  of  this  seemingly  cumbersome  approach  is 
that  it  is  relatively  easy  to  adjust  the  transfer  functions 
for  the  dynamic  situation  of  the  aircraft.  To  do  this,  the  pro¬ 
gram  logic  takes  all  conducting  lines  for  a  given  manifold  and 
alters  their  transfer  functions  with  incremental  differences 
in  tank  pressure  and  lift  at  the  particular  time  n,  similar  to 
Example  A  in  Figure  E-^.  Then,  as  the  total  demand  pressure  or 
rate  is  specified  for  the  manifold,  contributing  rates  and 
pressures  of  all  lines  can  be  found.  The  attitude  of  the  aircraft 
and  the  variations  in  tank  pressures  can  appreciably  change  the 
dynamic  situation  for  the  manifold.  By  using  the  foregoing 
solution  technique,  one  can  avoid  the  formidable  difficulties 
encountered  by  manipulating  multiple  line  transfer  equations. 

In  addition,  all  lines  can  be  stated  in  an  identical  format 
whose  symmetry  sho;ild  appeal  to  the  programmer.  It  should  also 
be  apparent  that  this  method  has  much  inherent  generality  and 
with  the  investment  of  some  ingenuity,  the  programmer  can 
simulate  nearly  any  fuel  transfer  situation. 
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Using  the  techniques  outlined  above,  the  programmer  can  form  the 
transfer  functions  for  all  lines  on  all  manifolds.  These  data 
should  then  be  arranged  for  storage  in  the  computer  memory. 

Input  manifolds  only  are  required  since,  once  all  the  rates  are 
determined  for  all  the  input  lines,  the  output  lines  are  also 
known.  In  practice,  the  control  word  feature  will  prove  very 
valuable  time-wise,  since  there  will  be  periods  of  flight  when 
large  portions  of  the  fuel  simulation  can  be  by-passed  because 
valves  will  be  closed  or  tanks  empty.  The  computational  logic 
requires,  in  addition  to  the  line  transfer  functions,  the 
following  information  for  each  tank: 

1.  Manifold  control  word 

a .  Attitude  bit 

b.  Each  line  conducting,  or  not 

c.  Leak  open  or  closed 

d.  Vent  open  or  closed 

e.  Pumps  operational,  status  bit 

2.  Line  conducting  conditions 


a. 

Fuel  is  available  in  supply  tank 

Yes 

No 

b. 

Receiving  manifold  can  accept  fuel 

Yes 

No 

c. 

Valve(s)  operating,  power  available 

Yes 

No 

d. 

Valve  is  operational 

Yes 

No 

e. 

Pump(s)  power  available 

Yes 

No 

f. 

Pump(s)  operational 

Yes 

No 

Tank  characteristics 

a. 

Self-sealing 

Yes 

No 

b. 

Pressurized 

Yes 

No 

c. 

Maximum  volume 

Vmax 

d. 

Present  volume 

Vn 

e. 

Number  of  input  lines 

Lin 

f. 

Number  of  output  lines 

Lout 

g- 

Droppable 

Yes 

No 

h. 

Iteration  count 

Tn 

U.  Manifold  control  word  for  last  iteration 
Line  rates  for  last  iteration 

With  this  information,  the  initial  logic  section  of  the  assembler 
program  is  completed.  The  next  section  of  the  program  computes 
the  volumes  in  each  tank  and  the  volumes  consumed  by  all  using 
devices.  When  this  step  is  accomplished,  the  fuel  system  is 
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completely  determined  and  the  information  is  ready  to  be  read  out 
to  the  cockpit  indicators,  instructor’s  indicators,  and  to  other 
sectionsof  the  computer  that  require  the  information.  For  this 
latter  operation,  the  programmer  must  list  the  quantities  to  be 
read  out  and  arrange  for  the  necessary  digital-to-analog 
facilities , 

C .  Subroutine  I . 

Subroutine  I  shown  in  Figure  E-5  gives  the  sequence  of  operations 
necessary  to  determine  the  manifold  control  words  for  this 
iteration.  The  input  data  for  this  subroutine  are  given  in  the 
assembler  program.  The  purpose  of  the  manifold  control  word  is 
to  choose  only  the  active  lines  for  later  computation.  This 
system  will  materially  cut  the  average  computation  time  and 
simplify  the  remaining  computations.  Primarily  the  manifold 
control  word  answers  the  questions: 

1.  Is  this  line  enabled  to  conduct,  considering 
the  valve(s)  status? 

2.  Is  there  a  pump  in  the  combination  of  manifold 
lines  that  is  inoperative? 

The  operations  for  Subroutine  I  are  defined  below. 
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Figure  E-5  -  Subroutine  I  -  Operational  Sequence  of  Initial  Logic 
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1.0  -  Read  and  store  analop-to-digital  switching  inputs. 

1.1  -  For  manifold  M,  set  line  counter  to  the  number  of 

active  lines. 

1.2  -  Does  line  counter  read  -  0? 

1.31  -  Is  this  the  last  manifold  to  be  computed? 

1.32  -  Does  this  line  have  a  pump? 

I.I4  -  Determine  next  manifold  to  be  computed. 

1.5  -  Is  pump  operative?  '(input  data). 

1.61  ~  Set  pump  digit  of  manifold  control  word  (M.C.W. )  to  1. 

1.62  -  Set  pump  digit  of  manifold  control  word  to  0. 

1.7  -  For  this  line  there  are  ky  valves j  set  valve  counter 

to  ky  * 

1.8  -  Does  valve  counter  read  ^  0? 

1.9  -  Is  valve. ky  open  or  closed?  (input  data). 

1.10  -  Set  this  line's  valve  status  digit  to  1. 

1.11  -  Add  -1  to  valve  count. 

1.12  -  Set  line  valve  status  digit  to  0. 

1.13  -  Add  to  line  coimt. 
and  l.lii 

\ 

D .  Subroutine  II . 

There  are,  in  addition  to  the  valve  and  pump  logic,  several 
special  considerations  that  must  be  examined  before  the  status 
of  the  system  is  completely  determined.  Subroutine  II,  shown 
in  Figure  E-6,  is  designed  to  determine  this  condition  so  that 
the  following  computation  can  be  done  in  an  efficient  manner. 

The  considerations  covered  in  this  subroutine  are; 

1.  Negative  g  supply 

2.  Attitude  limits  for  recycling 

3.  Jettison  operation 
li .  Refueling  operation 

These  are  basic  considerations  to  most  aircraft  covered  in  this 
study.  For  a  specific  aircraft,  there  may  be  additional  special 
cases  that  should  be  covered  in  this  portion  of  the  program. 

The  programmer  should  consider  this  subroutine  as  an  outline 
that  can  be  expanded  if  he  deems  necessary.  The  operations  for 
Subroutine  II  are  defined  below. 
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FROM  1 


Figure  E-6  -  Subroutine  II  Special  System  Status  Conditions 
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2.0  - 
2.1  - 
2,01  - 
2.02  - 

2.03  - 

2. cm  - 
2.2  - 

2.21  - 
2.22  - 
2.3  - 

2.m  - 

2.5  - 

2.6  - 

2.7  - 

2.n  - 

2.72  - 

2.73  - 

2.7m  - 
2.75  - 

2.51 
2.511  - 

2.52  - 

2.53  - 
2.5a  - 

2.56  - 

2.57  - 

2.58  - 
2.59 

2.510 

2.511  - 

2.512  - 

2.513  - 
2.61  - 
2.62  - 
2.63  - 

2.6a  - 


Was  negative  g  last  iteration? 

Read  and  store  present  g  magnitude  and  direction. 

Is  g  positive  this  iteration? 

Coi75)ute  fuel  used  from  negative  g  tank  >rfiile  in 
negative  g  condition. 

Subtract  fuel  used  in  negative  g  from  patron  tank  volume. 
Set  attitude  digit  of  M.C.W.  to  0. 

Compare:  has  g  changed  more  than  (Cn-l  -  On  —  K^) 
attitude  limit? 

Set  attitude  bit  (M.C.W.)  to  1. 

Set  attitude  bit  (M.C.W.)  to  0. 

Is  g  positive? 

Set  negative  supply  rates  to  0. 

Set  positive  g  supply  rates  to  0. 

Is  a  jettison  operation  scheduled? 

Is  a  refueling  operation  scheduled? 

Detennine  that  tanks  scheduled  for  refueling  can  receive 
fuel. 

How  many  tanks  can  be  refueled  «  N. 

Compute:  tank  refueling  rate  “  Rre/N  ^nd  let  Rn  =  single 
tank  input  rate. 

Compute  AVre  =  Rn 

For  each  tank  scheduled  for  refueling,  add  AVre  to 
tank  volume. 

Is  fuel  being  supplied  in  normal  mode?  (or  bypass  mode)? 
Insufficient  fuel  for  demand;  set  output  rates  to  0. 

Is  patron  tank  remaining  volume  ^  negative  g  volume? 

Use  remaining  volvime  as  negative  g  volume. 

Use  maximum  negative  g  volume  as  negative  g  volume. 
Compute  total  demand  negative  g  tank. 

Are  booster  puii5)S  operational? 

Use  gravity  transfer  functions. 

Use  booster  pump  transfer  functions. 

Compute  left  to  negative  g  tank. 

Con^jute  new  negative  g  volume. 

Is  negative  g  volume  ^  0. 

Insufficient  fuel  "^or  engine;  set  output  roles  to  0. 
Determine  tank  to  be  jettisoned. 

Set  tank  volume  to  0. 

Set  transfer  function  to  0. 

Disable  switch  position  (input  to  analog-digital  con¬ 
verter.  ' 
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E.  Subroutine  III . 


Once  the  initializing  logic  is  completed,  the  state  of  the  system 
for  this  iteration  is  fixed.  The  computation  of  fuel  transfer 
conditions  can  then  proceed.  Subroutine  III  shown  in  Figure  E-7 
is  designed  to  detemine  the  total  fuel  demand  on  the  aircraft 
fuel  systems.  The  program  considers  two  engineering  service  tanks. 
If  the  aircraft  being  simulated  has  only. one  such  tank,  the  pro¬ 
grammer  can  merely  drop  the  steps  devoted  to  service  tank  2. 

The  operations  are  defined  below. 


Figure  E-7  -  Subroutine  III  for  Computing  Pixel  Demand 
on  Airplane  Fuel  System 

2.8  -  Compute  engine  demand  on  sexrvice  tank  1,  Rj;  «  Re^^  ♦  1^2 > 

where 

Rj.  =  total  engine  demand  rate, 

Rei  «  engine  no.  1  demand  rate,  and 
RE2  *  engine  no.  2  demand  rate. 

« 

2.9  -  Compute  afterburner  demand  rate,  Ra/b  Ra/bi  +  ^A/b2> 

where 

Ra/b  "  total  afterburner  demand  rate, 

Ra/bI  ■  aftertarner  no.  1  demand  rate,  and 
RA/^2  **  sfterbumer  no«  2  demand  rate. 
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3.0 


3.1 


3.2 


3.3 


3.31 


Compute  total  demand  on  service  tank  no.  1, 

^S.T.i  -  %  +  Ra/b> 

RS.T.1  “  total  demand  on  service  tank  no.  1, 

Compute  engine  demand  on  service  tank  no.  2,  Rj;  ■  Rjjo  +  Rek, 
where 

Re  *  total  engine  demand  rate, 

RE3  ■  engine  no,  3  demand  rate,  and 

RE[j  *  engine  no.  U  demand  rate. 

Compute  afterburner  demand  on  service  tank  no.  2, 

Ra/b  -  Ra/b3  +  RA/Bi|>  where 


Ra/b  “  total  afterburner  demand  rate, 

Ra/b3  “  afterburner  no,  3  demand  rate,  and 
■  afterburner  no.  demand  rate. 

Compute  total  demand  rate  on  service  tank  no,  2, 
RS.T.2  ”  Re  Ra/b»  where 

^S,T.2  “  'to'tal  demand  on  sei^ice  tank  no,  2, 


Compute  lift  between  allowable  combinations  of  tank  pairs. 


F.  Subroutine  IV. 


Subroutine  IV  (see  Figxu*e  E)-8)  begins  the  computation,  by  mani¬ 
folds,  of  the  flow  rates  of  the  active  lines  in  the  transfer 
system.  The  contributing  lines  to  a  manifold  must  have  their 
transfer  functions  adjusted  to  reflect  the  dynamic  situation 
of  the  aircraft  at  this  instant  of  timej  this  is  the  purpose 
of  the  subroutine  shown  in  the  figure.  The  manifold  control 
words  that  were  set  up  in  preceding  subroutines  are  used  to 
determine  which  lines  are  active  and  must  be  included  in  the 
manifold  computations.  The  .inactive  lines  are  dropped  with 
their  rates  set  to  zero.  The  IT  count  is  the  number  of  recycles 
of  the  current  data,  up  to  a  given  maximiM,  that  are  permitted 
before  a  new  and  complete  computation  of  the  manifold  is  vinder- 
taken. 
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Figure  E-8  -  Subroutine  IV  Manifold  and 
Line  Transfer  Function  Adjustment 
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3.U  -  Set  manifold  counter  to  Ks.T.l  “  number  of  manifolds 

to  be  coBq)uted. 

3.5  -  Is  manifold  counter  ^  0? 

3.6  o  Has  service  tank  no.  2  been  conqputed? 

3»7  “  For  this  manifold,  compute  M.C.W.(n-l)  -  M.C.W.n  “  Xj 

is  X  -  0? 

3,8  -  Set  manifold  count  to  Ks.T.2* 

3*9  -  From  M.C.V.,  determine  vhich  lines  are  enabled  to  conduct; 

M  lines. 

U.O  -  Compare:  altitude  bit  0? 

U.l  -  Is  IT  count  ■  0? 

U.2  -  Coiqjare:  Line  conducting  conditions  ••  17 

U.3  -  Add  -1  to  IT  count. 

U»Ul  -  Add  -1  to  line  count. 

U.U  -  Set  line  counter  to  no.  M  of  conducting  lines  for  this 
manifold . 

U.5  -  Store  manifold  rates  from  last  iteration  as  those  for 

this  iteration. 

U»6  -  Is  counter  0? 

U.7  -  Add  -1  to  manifold  count. 

U*8  -  For  this  line,  confute  tank  pressure  difference, 

Pi  -  Pj  -  APij,  where 

Pi  ■  Pressure  in  tank  i,  and 
Pj  «  Pressure  in  tank  j 

h.9  -  Conqpute:  APij/w-+  Zij  -  6,  where 

w  «•  Specific  weight  of  fuelft^O.SU,  and 
Zij  -  Head  difference  due  to  pressure  and  lift. 

•  *  * 

5*0  ->  Coopute:  for  Pmax  line's  transfer  function, 

Fioax  '*■5  "  ^max  ij» 

tmax  ij  "  s^lJiisted  maximum  pressure. 

^.1  -  Compute:  for  Pi  of  this  line's  transfer  function, 

Plij  ♦  6  -  tL±y 
5.2  -  Add  -1  to  counter. 


-171*- 


TECHNICAL  REPORT:  NAVTRADEVCEN  772 


GER-10017 


G.  Subroutine  V, 


Subroutine  IV  adjusted  the  input  line  transfer  functions  for 
each  manifold.  Now,  Subroutine  V,  shown  in  Fipure  E-9,  uses 
these  line  transfer  functions  to  determine  the  total  manifold 
transfer  situation  in  terms  of  a  manifold  pressure-rate  trans¬ 
fer  function.  In  a  later  subroutine,  a  demand  rate  will  be 
placed  on  this  transfer  function  and  the  resulting  manifold 
pressure  and  the  rates  of  the  contributing  lines  will  be  easily 
found. 


FROM  4.6 


Figure  E-9  -  Subroutine  V  for  Determining 
Manifold  Flow  Conditions 

5.3  -  For  all  conducting  lines,  arrange  the  Pmaxij  and  Pij^j 

in  descending  numerical  order.  Match  iA»  ife 
this  sequence.  Note  that  the  ...»  the  Ri^n 

and  the  mi^u  constitute  a  manifold  flow  graph, 

S,h  -  Set  counter  to  ■  n,  the  number  of  terms  in  5»3. 

-  Is  counter  0? 

5.6  -  Ccnpute: 

5.7  “  Ccnpute s  A\jr^  *  R, 

5 #8  -  Compute;  R  +  Rb  ■  ni  (this  operation  will  be  repeated 

for  each  niimber  of  5»3,  obtaining  the  sequence  Rj,  Rji, 

'^III  •••)• 
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5.9  -  Con5}ute:  Rj  -  Rq  (this  operation  will  be 

"I  ■ 

repeated  to  obtain  iijj,  itijj,  ...)• 

6.1  ~  Add  -1  to  n  counter. 

6.2  -  Set  IT’  count  to  Gji*. 

6.3  -  Add  -1  to  maximum  covmt. 

H.  Subroutine  VI. 


VDien  computing  the  tank  volume,  it  becomes  apparent  that  the 
magnitudes  of  the  total  input  rate  and  total  output  rate  can 
produce  any  one  of  the  following  four  situations. 

1.  If  the  input  rate  <  output  rate,  the  tank 
volume  will  be  gradually  decreased  to  zero; 
if  it  has  not  reached  zero,  the  incremental 
voliame  is  subtracted  from  the  total  volume. 

2.  If  the  input  rate  <  output  rate  and  tank 
vol;ime  is  zero,  ;then  the  output  manifold 
will  receive  insufficient  fuel  supply. 

3.  If  the  input  rate  >  output  rate,  the  tank 
will  gradually  fill  up  to  its  maximum  volume; 
if  the  tank  has  not  reached  Vniax^the  incre¬ 
mental  volume  will  be  added  to  tank  volume. 

li.  If  the  input  is  >  than  output  and  tank  volume 
is  maximum,  the  output  rate  must  equal  the  input 
rate. 

Subroutine  VI,  shown  in  Fi^re  E-10,  is  designed  to  rationalize 
this  situation. and  supply  true  rates  on  the  effected  manifolds. 
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FROM  3.S 


Figure  E-10  -  Subroutine  VI  Tank  Volume,  Input  Rate  Logic 
6.1i  -  Set  counter  to  n-1, 

6.5  -  IsPs.T.i^tA? 

6.8  -  All  transfer  for  this  tank  is  for  AV  of  tank.  Compute; 

input  rate  ■  Ry,  using  tank  pressures,  lifts,  and  pump 
rates. 

7.1  -  Compute  AVs.T.i  *  where  Tjx  is  the  iteration 

time, 

7.2  -  Add  -1  to  manifold  count, 

6.9  -  Add  -1  to  count. 

7.0  -  Determine  available  tank  input  rate  »  Rs.T.i*  using 

'•'AjB  mj^  jj  ...  . 


-177- 


TECHNICAL  REPORT:  NAVTRADE7CEN  772 


GER-10017 


7.3  -  Compute  Rg,p,  -  R'S.F.  “  ^S.F.* 

7.4  -  Is  ARs,f,>  0? 

7.5  -  Is  volume  S.F.^  - 

7.6  -  Store:  -  ARs.p,. 

7.71  -  Store:  tank  +  ARs.p,. 

7.72  -  Set  ARs,f,  ■  0. 

7.73  -  Is  volume  S.F.^^  0? 

7.81  -  Make  Rs.F.  ■  ^'s.F.* 

7.82  -  Use  R's.f.  flna  each  contributing  line  rate  from 

manifold  flow  graph  and  line  transfer  functions. 

7.91  -  Use  R* 3, to  determine  line  input  rates. 

7.92  -  Use  manifold  flow  graph  and  line  transfer  functions  to 

determine  individual  line  rates. 

7.93  -  A  limited  fuel  situation  exists. 

8.0  -  Has  service  tank  no.  2  been  computed? 

8.1  -  Set  manual  count  to  the  number  of  lines  for  service 

tank  2. 

8.2  -  Use  service  tank  2  data  for  manifold  con^jutations . 

I.  Subroutine  VII. 

The  program  up  to  this  point  has  established  the  conqmtations 
necessary  to  determine  rates  for  all  lines  in  the  full  transfer 
schematic.  In  addition,  the  increasing  or  decreasing  rates  of 
service  tanks  have  been  established.  Subroutine  VII  shown  in 
Figure  E-11  will  be  used  to  compute  the  final  incremental  service 
tank  volumes.  It  will  also  compute  the  incremental  volumes 
of  storage  tanks  by  summing  input  ratio  and  output  rates. 
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FROM  8.0 


TO  9.1 


Fipure  E-11  -  Subroutine  VII  IncremenL-.l  Volume  Computations 

8.3  “  Set  counter  to  Nj  tanks  feedinp  serrico  tank  1. 

8.U  -  Is  N  count  ^  0? 

8. hi  -  For  this  tank  sum  the  input  line  rates  == 

8,h2  -  For  this  tank  sum  the  output  line  rates  =  F-cijif 
8.hh  -  Add  -1  to  count. 

8.5  -  Set  count  Njj  tank  feedinp  sejnrice  tank  2, 

8.6  -  Sum  input  lire  rates  *  Hin. 

8.61  -  Sun  output  line  rates  «  Rout* 

8.62  -  Compute  AVt  •=  (Rin  -  Pout)  Tjip. 

8.63  -  Add  -1  to  caant, 

8.6h  -  Is  count  i  0? 

6.7  -  Set  count  to  the  nuriter  c:’  ■'.••.  ks, 

8.6  -  Is  count  i  0? 

8,9  -  Add:  AVj  ♦  AV2  •  AVp  for  t.ds  tank. 

9,0  -  Add  -1  to  count. 
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J «  Subraatine  VIII . 

The  subroutine  shown  in  Fipure  E-12  will  be  used  to  compute 
total  tank  volumes.  The  only  renaininp  requirement  is  that  the 
proprammer  must  arranpe  readout  of  the  computed  information  to 
the  appropriate  indicators  and  destinations.  The  fuel  system  is 
sufficiently  determined  in  the  computer  memory  that  ary  desired 
information  can  be  obtained  directly  or  by  the  simplest  type  of 
computation* 


FROM  a. 8 


READOUT  AND  UPDATE 
INSTRUMENTS 

BACK  TO  MAIN  PROGRAM 


Fipure  E-12  -  Subroutine  VIII  Total  Tank  Volume 

9.1  -  Set  count  to  number  of  tanks. 

9.2  -  Is  count  £  0? 

9.3  -  Compute  Avolume  *=  AV^  +  AV(n-l)» 

9.1:  -  Add  -1  to  count. 

9.^  -  Readout  and  update  instruments  and  indicators. 
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SECTION  XI.  APPENDIX  F  -  DETAILED  SIMUUTION  FLO^  CHART 
FOR  GENERAL  LANDING  GEAR  SYSTSN  = 

The  flew  charts  incorporate  all  the  details  of  logic  involved  in  the 
simulation.  For  the  simulation  of  a  specific  aircraft,  it  is  necessary 
to  go  through  the  flow  charts  and  determine  which  of  the  connections, 
controls,  components,  etc.,  apply  for  that  aircraft. 

The  charts  are  numbered  as  follows.  First,  Subroutines  I  through  V 
go  through  the  program  for  a  normal  *’up”  command.  Then  the  various 
alternatives  for  the  **up*’  signal  are  checked  in  Subroutines  VI 
through  X,  starting  at  the  bottom  of  Subroutine  I  and  continuing 
up  the  chart.  Then  the  normal  •'down'*  command  is  followed  through 
Subroutines  X  through  XII  to  the  point  in  the  program  where  it 
ge joins  the  flow  chart  for  the  normal  •’up*’  routine  at  the  indicator 
block.  The  alternatives  for  the  normal  ’’down”  program  are  then 
checked  in  Subroutines  XIII  through  XIV.  Subroutine  XV  is  for  an 
"up”  command  attempted  while  the  plane  is  on  the  ground. 

The  following  notation  is  used  in  the  flow  chart: 


A.  Subroutine  I,. 


General  program  block,  branch  block, 
or  junction  block. 


Instructor's  light  or  indicator. 


Pilot's  light  or  indicator. 


Subroutine  I  establishes  the  conditions  for  starting  the  landing 
gear  system  simulation  and  performs  the  initial  computations 
necessary  for  the  normal  "up"  simulation.  The  flew  is  charted 
in  Figure  F-1,  and  the  operations  are  defined  below. 
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12 

13 

P 

l6 

I8 

IlO 

^11 

I12 


Figure  F-1  -  Subroutine  I  for  Landinp-Cear  Simulation 

-  Start  landing  gear  routine. 

-  Input  from  aerodynamics. 

-  Is  aircraft  on  the  ground? 

-  Is  normal  control  lever  up? 

-  Is  "emergency  down"  on? 

-  Has  "emergency  down"  been  on  in  last  K  seconds? 

-  Is  "emergency  up"  on? 

-  Is  electrical  power  available? 

-  No  changes,  transfer  out,  landing-gear  routine. 

-  Is  landing  gear  failed  down? 

-  No  changes,  transfer  out. 

-  Is  hydraulic  power  available? 


B.  Subroutine  II. 


Subrout'.'.'  II  checks  to  determine  whether  the  landing  pear  has 
beomce  .vperative  or  limited  in  operation.  It  also  determines 
whether  L .e  air  speed  is  sufficient  to  cause  an  attempted 
retracticn  to  re-iuit  an  up  and  locked  landing  gear.  The  flow 
chart  for  Suiroutln".  II  is  given  in  Figure  F-2j  the  operations 
are  defined  'jelow. 
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FROM  SUBROUTINES  I,  VII,  VIII 


Figure  F-2  ~  Subroutine  II  for  Landing-Gear  Simulation 

111  "  speed  all  right  for  retraction? 

112  “  Air  speed  limits  gear  to  transit? 

113  -  Is  gear  down  or  in  transit? 

II^  -  Destroy  gear,  set  aerod3mamics ,  set  landing  pear 
inoperative,  set  hydraulic  system,  transfer  out. 

-  No  changes,  transfer  out. 

II^  -  Is  landing,  gear  limited? 

II Y  -  Is  landing  gear  operative? 

115  -  Can  gear  be  moved  to  "transit"  only? 
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Ilg  -  Can  gear  be  moved  up? 

IlJo  “  Is  ”up”? 

IIXl  -  Is  gear  in  transit? 

IIl2  -  Landing-gear  computer  for  retraction. 

II^^  -  Landing-gear  computer. 

C.  Subroutine  III, 

Subroutine  III  makes  the  necessary  calculations  for  landing-gear 
retraction,  whether  it  be  normal  or  emergency  operation.  The 
flow  is  shown  in  Figure  F-3j  the  operations  are  defined  below. 


FROM  SUBROUTINE  II 


C 


Figure  F-3  -  Subroutine  III  for  Landing-Gear  Simulation 
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nil  - 

1112  - 

1113  - 

1114  - 
III^  - 

1116  - 

1117  - 

IIIq  - 
IIIo  - 


iiiio 

Hill 

11112 

11113 
iiiiu 


Is  left  gear  ’’up”? 

Similar  programs  for  right  gear  and  nose  gear. 

Is  left  gear  failed  ’’down  and  locked”? 

Is  left  gear  failed  ”down  and  released”?  ■ 

Is  ”emergency  up”  on?  ( 

Has  it  been  less  than  M  seconds  since;  normal  control 
to  ”up”? 

Has  it  been  less  than  N  seconds  since  ”emergency  up” 
was  on?  ' 

Set  left  gear  ”up  and  locked”. 

Set  hydraulic  system,  aerodynamic  indicators,  warping, 
light.  . 

Set  left  gear  to  IN  TRANSIT. 

Set  tail  skid  to  IN  TRANSIT.  . 

Set  tail  skid  to  w. - .  ■ 

Set  hydraulic  sysTim,  aerod5mamics. 

Indicators. 


D .  Subroutine  IV. 


Subroutine  IV  determines  whether  each  gear  is  ”up-  and  locked” 
or  ’’down  and  locked.”  It  determines  the  current  locatibn  of 
each  gear  unless  a  failure  has  been "inserted.  This  subroutine 
is  shown  schematically  in  Figure  F-i|,  and  the  symbols  are 
defined  below. 
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GO  TO  SUBROUTINE  V 


Figure  F-l:  -  Subroutine  IV  for  Landinf-Gear  Simulation 

IV^  -  Is  electrical  power  available? 

IV2  -  Is  left  gear  "up  and  locked"? 

IV3  -  Is  indicator  failed? 

IV^  -  Set  signal  for  electrical  power. 

IV^  -  Set  instructor's  left  pear  indicator  to  UP, 

IV5  -  Is  left  gear  "down  and  locked"? 

IVy  -  Is  indicator  failed? 

IVg  -  Is  indicator  failvjd? 

IV9  -  Set  signal  for  electrical  power, 

IV^o  "  instructor's  left  gear  indicator  to  DOWN. 

IVii  -  Set  instructor's  left  gear  indicator  to  BWR. 

IV12  -  Set  to  TRANSIT*  - 

IV}^^  -  Similar  programs  for  right  pear  and  nose  pear. 
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E.  Subroutine  V 

SubroutiJM  V  determines  whether^the  lending  ge§ir  is  "unsafe.*’  and.check 
a  variety  of  situations  associated  with  a  landing  gear  or  take-off.  Th 
flow  for  this  subroutine  is  given  in  Figure  F-$,  and  the  operations  are 
^  definei^  b^oir* 


FROM  SUBROUTINE  IV 


NO 


99 


YES 


NO 


n  _ _ 

NO 

1 — 

''a 

LU 

YES 


-*o 


m  m 

1  1 

< 

o 

1 

pj 

"1 

NO 

TM  ^ 

1  [ 

J 

YES 


I  li 

6  6 


Figure  F-5  -  Subroutine  V  for  Landing-Cear  Similaticn 


VI 
V2 
^3 

V6 

V8 

^9 

VlO 

VII 


Is  electrical  power  available? 

Is  any  gear  in  transit? 

Is  normal  control  lever  "up"? 

Is  normal  lever  dcwn  or  emergency  down  on? 
Are  all  gear  down? 

Is  altitude  less  than  H? 

Is  air  speed  less  than  X? 

Is  throttle  to  idle  retarded? 

Are  flaps  up? 

Is  arresting  gear  up? 

Transfer  out. 
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F«  Subroutine  VI. 

Subroutine  VI  determines  whether  electrical  power  is  available 
for  landing-pear  operation  and  pilot  action  in  case  the  circuit 
breaker  la  open.  Subroutine  VI  is  shown  schematically  in 
Figure  F-^,  and  the  operations  are  defined  below. 


GO  TO  SUBROUTINE  II,  lll„VII, 

VIII,  X,  XIII,  XIV,  XV 

Figiu’e  F-6  -  Subroutine  VI  for  Landing  Oear  Simulation 

-  Is  electrical  power  available? 

-  Is  circuit  breaker  open? 

-  Can  pilot  close  circuit  breaker? 

-  Did  pilot  close  circuit  breaker? 

-  Power  available. 

-  No  power  available. 

G.  Subroutine  VII. 

For  a  normal  and  emerpency  up  condition  of  the  landing  gear. 
Subroutine  VII  determines  whether  electrical  and  hydraulic  power 
are  available  for  landing-gear  operation.  Figure  F-7  shows  the 
flow  diagram,  and  the  operations  are  defined  below. 


VIi 

Vl2 

VI3 

vi^ 

Vl6 
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FROM  SUBROUTINE  I 


GO  TO  SUBROUTINE  II 


Figure  F-7  -  Subroutine  VII  of  Landing-Oear  Simulation 

VII^  -  Is  "emerfency  up”  on? 

VII2  "  electrical  power  available? 

VII^  -  Is  hydraulic  power  available? 

VIIj^  -  No  changes,  transfer  out. 

.  Subroutine  VIII  , 

Subroutine  VIII  performs  the  necessary  calculations  for  retractions 
in  which  '’normal”  or  "emergency  up”  and  "emergency  down"  have 
been  on  within  the  last  K  seconds.  Figure  F-8  is  the  flow 
diagram;  the  operations  are  defined  below. 
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FROM  FROM 

SUBROUTINE  I  SUBROUTINE  IX,  X 


Fif;ure  F-8  -  Subroutine  VIII  for  I,andinR-Oear  Simulation 


VIIIi  -  Has  "emerpency  dojm”  been  within  last  K  seconds? 

VIII2  -  Is  hydraulic  power  available? 

VIII3  -  Has  hydraulic  power  been  available  less  than  Q  seconds 
since  ”emerp,ency  down”’ 


VIIIjj  -  Is  landinp  pear  failed  "down”? 

VIII^  -  Is  electrical  power  available? 

VIII5  -  Is  "emerpency  up"  on? 

Vlll-y  -  Set  landinp  pear  limited  to  ”up”  or  "down"  or  "in 
transit." 


VIHs  “  Set  hydraulic  system  inoperative. 

VIII9  -  Set  landinp  pear  inoperative. 

VIHio  -  No  chanpes,  transfer  out. 

VIIIii  -  Air  speed  all  ripht,  landinp  pear  operative,  check  for 
retraction. 


VIII32  “  Junction. 
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I .  Subroutine  IX  . 


With  the  normal  control  up  while  the  ’’emerpency  down**  is  on, 
Subroutine  IX  checks  the  circuit  breaker  prior  to  landinp-pear 
extensions.  Finire  F-9  is  the  flow  diapram,  and  the  operations 
are  defined  below. 


FROM  SUBROUTINE  I 


Figure  F-9  -  Subroutine  IX  for  I.andinp-Oear  Simulation 


IXi 

IXg 

1X3 

IX^ 

IX^ 

1^6 


Is  "emerpency  down**  on? 

No  changes,  transfer  out. 

Is  *' emerpency  up**  on? 

Is  circuit  breaker  off? 

Trouble,  transfer  out. 

Air  speed  all  right,  landinp-pear  operative,  dieck  for 
extension. 


J.  Subroutine  X. 


Subroutine  X  determines  whether  electrical  and  hydraulic  pcwer 
are  available,  with  the  normal  control  lever  down.  The  flow 
diagram  is  presented  in  Figure  F-10,  while  the  operations  are 
defined  below. 
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Figure  F-10  -  Subroutine  X  for  Landinp-^-ear  Simulation 


Is  normal  control  lever  down? 

Is  "emerpencr  down"  on? 

Has  "emerpenc7  down"  been  on  within  last  K  seconds? 
Has  "gear  up"  been  tried? 

Is  "emerpencr  up"  on? 

Is  electrical  power  available? 

No  changes,  transfer  out. 

Is  landing  pear  failed  "up"? 

Is  Iqrdraulic  power  available? 


K.  Subroutine  XI. 


Subroutine  XI  determines  whether  the  landing  pear  is  to  be 
extended  and  establishes  the  necessarr  conditions.  Figure  F-11 
is  the  flow  chart;  the  operations  are  defined  below. 
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Figure  F-11  -  Subroutine  XI  for  I,andinp-Oear  Simulation 


XIi 

Xio 

XI3 

Xl6 

XI7 

Xlg 


XI9 


Is  "emergency  dam"  on? 

Is  air  speed  all  right  for  "emergency  down"? 

Is  air  speed  all  right  for  "normal  down"? 

Is  pneumatic  poi-rer  available? 

Set  pneumatic  system. 

Can  gear  move  to  in  transit  only? 

Is  gear  down  or  in  transit? 

Destroy  gear,  set  aerodynamics,  set  landing  gear 
inoperative,  set  hydraulic  system. 

No  changes. 

Is  landing  gear  limited? 
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xiiu 

Xlg 

?16 


XI 


17 


Is  landinp  n'^ar  operative? 

Can  rear  move  to  in  transit  only? 
Is  pear  in  transit? 

Can  pear  move  to  '’down”? 

Is  pear  "down”? 

Landinp  pear  extension  ccmputer. 
Transfer  out. 


Lj.  Subroutine  Xll . 


Subroutine  XII  makes  the  necessary  calculations  for  landinp-pear 
extension.  The  flow  diapram  is  presented  in  Fipure  F-12  and  the 
symbols  are  defined  below. 
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Fifure  F-12  -  Subroutine  XII  for  Landinp-Cear  Simulation 

XII]^  -  Is  left  rear  "down"? 

XII2  ~  Is  "emerrency  down"  on? 

XII3  -  Is  left  pear  failed  "up"? 

XII^  -  Is  left  pear  failed  "up"  or  failed  and  released? 
XIIc*  -  Is  it  less  than  M  seconds  since  normal  control  to 
^  "down"? 

XII^  -  Set  left  pear  to  "down  and  locked." 


195- 


TI'X;!?NTOAI.  RKPnnT:  77? 


r.ER -10017 


XII7  - 
XIIR  - 

Xllo  - 

JClIlO  - 


^IIl2 

XII13 

XIIU, 

niirt 

"PI6 


XII 


17 


Set  left  renr  "in  trannit". 

Set  liydraulio  rj'rnte'n,  arTod’Tiani r,  Itidi catcirs ,  warninr 
lif;htJ5 . 

Is  it  less  than  S  seconds  slnco  "enerronev  down”? 

Set  y'>n^iiPtnt1  c  system,  aerod-'rn'i'i i c  inrlicntors,  warning 
lifhts , 

Similar  yroyrams  for  rifht  fear  and  nose  year. 

Is  "omerfency  down”  on? 

Is  it  less  than  II  seconds  since  normal  control  to  ”down”? 
Get  tail  skid  to  "in  transit". 

Get  Iiydraulic  sys1,em,  nercylyuanics . 

Get  tail  skid  to  "dov;n  and  locked". 

Iiidicat.ors. 


M.  Guhrontine  XlII. 

Giibroutine  XJ!  T  determines  tlie  avail  nbj  ]  ity  of  electrical  and 
hydraulic  power  ^or  land  inf  -rear  retract  u^ri,  with  the  normal 
control  lever  "dovni"  and  "emer;  ejic”'  up"  on.  Fifure  F-11  is  the 
flovf  diafram,  with  the  oj'eratiops  defined  below. 


Fipure  F-13  -  Gubroutino  XIII  for  T.and j np-Tear  Simulation 


XIIIt  - 
XIII2  - 
XIII3  - 

XlIIl;  - 
Xlllr  - 
XIII^  - 


Is  "enerf  enev  u|>"  on? 

Is  electrical  povfer  available? 

Is  hvdriuilic  povrer  available? 

Mo  chanfps,  transfer  out. 

Set  landinr  fear  inojierative,  transfer  out. 
Landinp-f  ear  retraction  computer. 
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N«  Subroutine  XIV. 

Subroutine  XIV  checks  the  circuit  breaker  for  landinp  pear 
extension,  with  ”enierren(^  down”  on.  The  flow  diapram  is 
presented  in  Fipure  F-lljj  the  operations  are  defined  below. 


Fipure  F-lh  -  Subroutine  XIV  for  Landinp-Oear  Simulation 

Is  normal  control  lever  "down”? 

Is  ”emerpency  dcsm"  on? 

Normal  control  out,  is  emerpency  down? 

Was  normal  control  down  then  out? 

No  changes,  transfer ^ out? 

Junction. 

Is  circuit  breaker  off? 

Air  speed  all  right,  landinp-pear  operative,  check  for 
extensions . 

Set  flaps  inoperative. 

Set  hydraulic  system  (dump  fluid). 


XIVi  - 

XIV2  - 
XIV3  - 
XIV^  - 
XIV?  - 
XIV|  - 
XIV7  - 
XIV8  - 


XIV9  - 

XIVio  - 
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0.  Subrcnitlne  XV 

Subroutine  XV  checks  electrical  and  frydraulic  pcwer  availability 
for  a  "normal”  or  "enierrcncy  up"  command  while  the  aircraft  is  on 
the  pround.  Fipure  F-K  is  the  flow  diapram;  the  operations  are 
defined  below. 


Fifure  F-1?  -  Subroutine  XV  for  landinp-Cear  Simulation 

XVj  -  Is  airplane  on  pro»ind. 

XV2  -  Is  safetv  switch  released? 

XV3  -  "Finerpency  up"  release  (pilot), 

XV^  -  "Normal"  control  lever  immovable. 

XV^  -  Ho  chanpe  for  "normal"  control  "up", 

XV^  -  Transfer  out, 

XVy  -  Is  "normal"  control  lever  up? 

XV8  -  7.3  "emerfency  up"  control  on? 

XVq  -  Junction. 

^10  -  Is  electrical  power  available? 

XVii  -  Is  hydraulic  power  available? 

XV12  -  No  chanpes,  transfer  out, 

XV13  -  Crash# 
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SECTION  XII.  APPENHIX  C-  ~  DETAH.ED  vSmUJ..ATION  FIXW  CHART 
FOR  ELECTRIC  AI.  STST^M 


A.  Subroutine  I. 

Subroutine  I  determines  whether  internal  or  external  power  is 
used  in  the  simulation.  Fifxure  0-1  is  the  Tiow  diapramj  the 
operations  are  defined  below. 


Fifure  G-1  -  Subroutine  I  for  Electrical  System  Simulation 


II 


l2 


l6 


Is  piloite  IHTITINAI.-EXTERHAL  power  switch  on  EXTERNAL 
or  absent?  If  this  switch  is  present,  the  pilot  can 
indicate  the  type  of  power  he  needs. 

Is  instructor  external  power  supply  switch  turned  to 
ON?  (This  is  an  on-off  switch  to  determine  if  external 
power  is  available . ) 

Is  pilot's  INTERNAL-EXTipiNAL  power  switch  absent? 
Determine  loads  required  for  external  power  condition. 
Have  conditions  been  fulfilled  for  take-off? 
Instructor-set  external  power  supply  switch  turned  to 
OFF. 


B.  Subroutine  II. 

Subroutine  II  determines  what  system  is  to  be  used  in  the  simu¬ 
lation.  The  flow  diafrara  is  fiven  in  Fifure  C-2,  and  the 
operations  are  defined  below. 
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Firure  0-2  -  Subroutine  II  for  Electrical  System  Simulation 


111 

112 

II3 

IIU 

II6 


Is  a-c  f-enerator  present?  Test  to  determine  the 
presence  of  an  a-c  penerator. 

Only  d-c  generator  present;  a-c  penerator  is  not 
present.  D-C  generator  is  present.  Simulation 
bepinninp  here  is  a  sinple  d-c  penerator  system. 

Is  d-c  fenerator  present?  Test  to  determine  the 
presence  of  a  d-c  penerator. 

An  a-c  and  d-c  penerator  are  present.  The  simulation 
of  an  a-c  and  d-c  f'enerator  system  follows. 

Is  a  second  a-c  penerator  present?  Test  to  determine 
the  presence  of  a  second  a-c  penerator. 

Two  a-c  penerators  are  present.  The  simulation  of  a 
double  a-c  penerator  system  follows. 

A  sinple  a-c  penerator  is  present.  The  simulation 
of  a  sinple  a-c  penerator  system  follows. 


C.  Subroutine  III . 

Subroutine  III  determines  pilot  action  in  case  of  a  penerator 
overvoltape.  Fipure  0-3  is  the  flow  chart;  the  operations  are 
defined  below. 
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nil 

1 

n 

III2 

TTI3 

Subroutine 

.  1 

VIII 

k 


Subroutine 
VI  IT 


Jl. 

UI|, 


Next 

System 

P’ifure  G-3  -  Subroutine  III  for  Electrical  System  Simulation 


nil 

TII2 


III 


3 


III^ 


Is  instructor’s  overvolta/  e  switch  on?  The  imstructor 
may  cut  o\)t  the  d-c  fenerator  temporarily. 

Pilot-set  Generator  revset  svritch  set  to  RESET.  The 
instructor’s  overvoltape  switch  is  set  to  M."  Pilot 
attempts  to  brinr  the  ( enerator  back  on  the  line  with 
this  reset  procedure.  The  switch  is  .sprinr-loaded  back 
to  NGREAL. 

Has  pilot  reset  procedure  restored  the  Generator?  If 
voltape  lias  dropped  below  3?  v,  pilot  reset  procedure 
will  cause  the  f enerator  to  cut  in. 

Compute  normal  load  requirements.  The  instmctor  has 
inserted  no  failures.  Total  normal  load  requirements 
can  be  computed,  as  obtained  from  the  aircraft  flipht 
handbook. 


D.  Subroutine  TV. 

Subroutine  IV  determines  the  condition  of  the  inverters  for 
supplyinf  a-c  power.  The  flow  diapram  is  presented  in  Fifure 
g4i,  while  the  operations  are  defined  Vielow. 


-?01- 


TET.HNICAL  REPORT:  MAVTRAnEVCEW  772 


0ER-1(X)17 


Fifure  0-!i  -  Subr'.mtine  IV  for  Flectrical  Systwn  Simulation 


IVi 

IV2 

IV3 


^5 


Is  instructor’s  inverter  no.  1  fail  switch  on?  Test 
instniotor's  inverter  fail  switch  position. 

Is  instructor's  inverter  no.  2  fail  switch  on?  Test 
instructor’s  inverter  no,  ?  fail  switch  position. 
Pilot  sets  instrument  power  switch  set  to  no.  2 
inverter  position,  Tlie  instructor  has  failed  either 
the  no.  1  or  no.  2  inverter.  The  pilot  seta  the 
instrument  power  switch  to  no,  ?  inverter  position 
in  either  case. 

Compute  loads  associated  with  no.  1  inverter  failure. 
These  loads  can  bo  o\)tained  from  tlie  aircraft  flipht 
handbook  for  the  no.  1  im'erter  failure. 

Compiite  loads  associated  with  no,  2  inverter  failure. 
These  loads  con  bo  obtained  from  the  aircraft  flipht 
handbook  for  the  no.  2  inverter  failure. 


E.  Subroutine  V . 

Subroutine  V  determines  pilot  action  in  event  of  a  d-c  penerator 
failure  in  a  sinple  d-c  penerator  system.  Firure  is  the 
flow  diapram;  the  oiv>ratlons  are  defined  below. 
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Fipiire  G-5  -  Subroutine  V  of  Electrical  System  Simulation 


V2 

^3 

V5 


V6 


-  Instructor’s  d-c  generator  fail  switch  is  on.  The 
instructor  has  failed  the  d-c  fenerator. 

-  Pilot  sets  the  battery-f enerator  switch  to  OFF  and 
nATTERT-TE^KRATOR.  This  procedure  cuts  out"' the 
penerator  and  connects  the  battery* 

-  Pilot  turns  off  all  nonessential  equipment,  which 
reduces  the  loads  on  the  battery. 

-  Compute  emerpenc-r  load  requirements.  These  are  the 
loads  associated  with  emerpency  operation  and  can 
be  obtained  from  the  flipht  handbook, 

-  Start  landinp  operation.  Landinp  operation  should 
bepin  as  soon  as  possible  after  emerpencv  conditions 
are  set. 

-  Input  from  hydraulic  system. 


F.  Subroutine  VI . 


Subroutine  VI  determines  the  condition  of  the  a-c  penerator  in 
a  sinple  a-c  penerator  system.  The  flow  diapram  is  presented 
in  Fipure  C-6,  and  the  operations  are  defined  below. 


Figure  0-6  -  Subroutine  VI  of  Electrical  System  Simulation 
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VI]^  -  Is  instructor's  a-c  pen^rator  fail  switch  on?  Test 
the  instinictor's  a-c  penerator  fail  switch  position. 

VI2  -  Compute  the  normal  load  reqiiirements  of  a  sinple  a-c 
fenerotor  system. 

(’ .  Subroutine  VII . 

Subroutine  VII  brinps  the  air  speed  within  the  proper  limit  for 
enerpency  operation.  Finire  f-7  is  the  flow  diapramj  the  operations 
are  defined  below. 


VIJ^ 

Vllg 

VTI^ 

—  •  1  •  - 

..  - 

.N.,. 


P’ipure  C-7  -  Subroutine  VII  of  Electrical  System  Sim\ilation 

VII^^  -  Is  air  Sjieed  above  <00  knots?  Emerpency  power  is 
required,  but  should  not  be  released  if  air  speed 
is  above  <00  Imots  to  prevent  damape  to  the  penerator. 
Vllo  -  pilot  initiates  procedv.re  to  reduce  air  speed  below 
•^OO  knots. 

VII^  -  Tni’ut  from  aerodynamics  to  reduce  air  speed. 

H .  Subroutine  VIII . 


Subroutine  VIIT  detennines  pilot  action  for  emerpency  operation, 
as  shown  schematicallv  in  Fipure  G-B.  The  operations  are  defined 
below. 


VTII, 


_1‘ 


} 


VITI^, 

VIII2 

VITIi^ 

VIII5 

VI  IT, 


Subroutine  V 
Operation  Vc^ 


Fipure  C-8  -  Subroutine  VIII  for  Electrical  System  Simulation 
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VIII^  - 
VIII2  - 

VIII3  - 
viiij,  - 

VIII^  - 

VIII^  - 


Pilot  rf>!loa?;oR  pniRrroncy  power.  With  airspeed  below 
500  Icnnts,  the  pilot  can  now  release  enerpency  power. 
Is  poi-jer  needed  to  ad^pist  the  horizontal  stabilizer? 
The  horizontal  stabilizer  mipht  need  some  adjustment 
to  maintain  control  of  the  aircraft. 

Compute  enerpencv  load  renuirements  for  a  sinfle  a-c 
(•enerator  srsten. 

Pilot  actuates  horizontal  stabilizer  manual  override 
switc}!,  which  releases  power  to  the  horizontal 
stabilizer. 

Ml  emerpencv  povxer  on  to  horizontal  stabilizer  except 
366  va.  All  erierpency  pw/er  is  utilized  bv  the  hori¬ 
zontal  stabilizer  except  the  366  va  needed  for  cockpit 
lif'hts,  fVTO  fiorizon,  cabin  temperature  control,  nesa 
plass,  and  vrarninp-lipht  relays. 

Input  from  aerod'''namics . 


I .  Gubroii  tine  IX  . 


Subroutine  IX  determines  the  condition  pf  the  d-c  penerator  in 
a  d-c  and  a-c  penerator  svstem.  The  flow  -chart  is  presented  in 
Fipure  0-9,  while  the  operations  are  defined  below. 


Figure  0-9  -  Subroutine  IX  for  Electrical  System  Simulation 

IXi  -  Is  instrTJctor's  d-c  penerator  fail  switch  on?  Test 

instructor's  fail  switch  position  associated  with  d-c 
penerator. 

1X2  -  Pilot  sets  a-c  povrer  switch  to  PENERATOR  position. 

The  instructor  has  inserted  a  d-c  penerator  failure. 
Necessary  d-c  power  is  provided  by  the  a-c  penerator 
throuph  a  transformer. 

1X3  -  Compite  loads  associated  with  d-c  penerator  failure 

for  a  d-c  and  a-c  pener'  system.  These  are  the 
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req)iirpd  a-c  loads  and  also  ihp  nsopssar-'r  d-c  load  supplied  l>y- 
the  a-c  f enerator  thronph  the  transformer. 

Subroutine  X  . 

Subroutine  X  determines  the  condition  of  the  a-c  penerator  in  a 
d-c  and  a-c  penerator  system.  The  flow  chart  is  presented  in 
I'^ipiire  0-10,  and  the  operations  are  defined  below. 


Fipure  0-10  -  Subroutine  X  for  Electrical  System  Simulation 


X2 


Is  instructor's  a-c  fenerator  fail  switch  on?  Test 
instructor's  fail  switch  position  associated  with 
a-c  ronerator. 

Pilot  set  a-c  poi-/er  switch  to  IWERTrH  position.  The 
instructor  has  inserted  an  a-c  pener^or  failure.  The 
inverter,  enerpized  by  d-c  power,  supplies  the  essential 
power . 

Compute  loads  associated  with  a-c  penerator  failure 
for  a  d-c  and  a-c  penerator  system.  These  are  the 
required  d-c  loads  and  the  necessary  a-c  loads  supplied 
by  the  inverter. 

Compute  normal  load  requirements  for  a  d— c  and  a-c 
penerator  system.  No  penerator  failures  have  occurred. 
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K.  Subroutine  XI. 

Subroutine  XI  determines  the  pilot’s  action  in  case  both 
generators  in  a  d-c  and  a-c  penerator  system  fail,  Fipure  G-11 
is  the  flow  chart;  the  operations  are  defined  below. 


Fifure  0-11  -  Subroutine  XI  for  Electrical  System  Simulation 

Xli  -  Pilot  turns  off  all  nonessential  equipment,  which 
decrease  the  load  on  the  battery  that  provides  the 
essential  d-c  power, 

XI2  -  Pilot  sets  a-c  power  switch  to  IMVERTER  position, 

allowinp  the  battery  to  provide  essential  a-c  pcwer 
throufh  the  inverter, 

XI^  -  Compute  loads  associated  vrith  both  penerator  failures; 
these  are  the  essential  a-c  and  d-c  loads. 

I..  Subroutine  XII . 


Subroutine  XII  determines  whether  enpine  rpm  is  at  penerator 
operatinp  speed.  The  subroutine  flow  is  piven  in  Fipure  G-12, 
and  the  operations  are  defined  below. 


Fipure  G-1?  -  Subroutine  XII  for  Electrical  System  Simulation 

XIIl  -  Is  enp,ine  speed  at  proper  iqpm  to  operate  penerators. 

The  proper  enp.ine  speeds  for  operatinp  the  penerators 
can  be  obtained  from  the  flipht  handbook. 

XII2  -  Adjust  enpine  speed  to  penerator  operatinp  requirement. 
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K.  Subrontinn  XIJI . 


Subroutine  XIT]  determines  the  condition  of  the  first  fenerator 
in  a  double  a-c  fenerator  system.  Fifure  0-13  is  the  flow  chart; 
the  operations  are  defined  belovr. 


Fif'ure  0-13  -  Subroutine  XIIT  for  Electrical  System  Simulation 


XlIIi 


XIII2 

XITI^ 


XlIIi^ 


XIIT^ 


Is  instructor's  fail  switch  associated  with  first 
{encrator  on?  Test  instructor’s  fail  switch  associated 
with  first  fenerator. 

PiUot  reset  procedure:  set  first  fenerator  switch  to 


RESET  and  ON. 

TJid  pilot  reset  procedure  restore  the  first  fenerator? 
If  the  failure  is  no  more  severe  than  an  overvoltape 
or  under  voltape  condition,  the  reset  procedure  can 
cause  the  fenerator  to  cut  in. 

Pilot  sets  first  fenerator  svritch  to  OFF.  This  will 
cut  out  the  failed  fenerator  completelv  and  allow  the 
second  f'enerator  to  sufjply  the  entire  electrical  system. 
Compute  normal  lo<3d  requirements  for  a  double  a-c  pen- 
erator  system. 


N.  Subroutine  XIV . 

Subroutine  XIV  determines  the  condition  of  the  second  fenerator 
in  a  double  a-c  fenerator  system.  Fipure  G-lli  is  the  flow  chart, 
v/ith  the  operations  defined  below. 
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Finure  G-lli  -  Subroutine  XlV  for  Electrical  System  Simulation 

XIV]^  -  Is  instructor's  fail  switch  associated  with  second 

penerator  on?  Test  instructor's  fail  switch  position 
associated  with  second  penerator. 

XIV2  -  pilot  sets  the  enerpency  hydraulic  pump  handle  to 
DOW.  The  instructor  has  failed  both  generators. 
Baerpency  power  is  required.  This  procedure  releases 
enerpency  power. 

XIV3  -  Pilot  turns  off  all  nonessential  equipment  to  conseinre 
the  output  of  the  enerpency  penerator. 

XlV[j  -  Input  from  hydraulic  system.  Hydraulic  power  is 
needed  to  extend  the  emergency  penerator. 

Subroutine  XV , 

The  availability  of  emergency  pcwer  is  determined  in  Subroutine 

XV,  as  shown  in  Figure  0-15 .  The  operations  are  defined  below. 


Figure  G-15  -  Subroutine  XV  for  Electrical  System  Simulation 
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XV],  -  Is  air  speod  less  than  19^  knots? 

XV2  -  liinerrency  power  available  to  merpency  hydraulic 

pumps  only.  Air  speed  is  less  than  19?  knots.  All 
emerpency  power  is  diverted  to  the  hydraulic  pumps 
so  tliat  lateral  control  of  the  aircraft  can  be 
maintained. 

XV^  -  Compute  requirements  of  emerpency  loads  for  a  double 
a-c  penerator  system.  Air  speed  is  preater  than 
195  knots  so  that  emerpencv  loads  can  be  computed. 

P.  Subroutine  XVI . 

vlubroutine  XVI  determines  wliether  either  or  both  penerators  can 
be  restored.  The  flow  is  charted  in  Fipure  0-16;  the  operations 
are  defined  below. 


Fipure  C-I6  -  Subroutine  XVI  for  Electrical  System  Simulation 

XVI]^  -  Pilot  sets  first  generator  switch  to  RESET  and  ON. 

XVI2  -  Has  reset  procedure  restored  the  first  penerator? 

XVI^  -  Pilot  sets  second  penerator  switch  to  RESET  and  ON. 
XVIj|  -  Has  reset  procedure  restored  the  second  penerator? 

XVIr  -  Retract  emerpency  penerator  after  l^-min  continuous 
operation  to  prevent  a  decrease  in  penerator  output. 

Q,  Subroutine  XVII . 

Subroutine  XVII  determines  whether  the  ripht  penerator  alone 
can  be  restored.  Fipure  0-17  is  the  flow  diart;  the  operations 
are  defined  below. 
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CrER-10017 


Fifure  C-17  -  Subroutine  XVII  for  Electrical  System  Simulation 


XVIIi 


XVII2 

XVII3 


XVII^ 


Pilot  sets  rifht  penerator  switch  to  RESET  and  ON. 

V/hile  the  emerpency  penerator  is  retracted,  the  pilot 
can  attempt  to  restore  the  ripht  penerator. 
pas  pilot  reset  procedure  restored  the  ripht  penerator? 
Pilot  sets  both  penerator  switches  to  OFF.  Ripht 
penerator  is  not  restored.  With  penerator  switches 
off,  the  penerator  is  cut  out  canpletely. 

Pilot  operates  emerpency  penerator  intermittently. 

This  is  necessary  only  if  the  pilot  cannot  make  an 
emerpency  landinp  in  less  than  15  min  after  emerpency 
operation  bepins. 


Reproduction  of  this  publicatioi 
in  whole  or  in  part  is  permitted 
for  any  purpose  of  the  Iftiited 
States  Cover nuent. 
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